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A B s ? P. A C T
Ihe aurins of 12 dny old Vicia faba roots have been 
studied. Avena internode and straight groTTth tests were used to 
studj^  aunins on paper chromâtcgrains.
Spectrophotoflu.orimetric methods were developed for 
the study of indoles and related compounds. A method of 
separating indoles on celludose ion enchange compounds is 
described. Other methods used to determine the chemical nature 
of the auxins isolated were, chemical determinations, uv. 
spectroscopy, solvent partition, paper chromatography end 
electrophoresis. An assessment of the sources of error in 
extraction, solvent partition and in elution from paper chromât- 
ograjns was made ^
An attempt was made to locate lAA in the ether 
soluble fraction of extracts. Trjnptophen and BOPA were identi­
fied in the water soluble fraction and quantitatively estimated 
by fluorimetry. The possible role of these compounds in. auxin 
biogenesis is discussed. The amino acids, sugard, phenolic 
compounds and unlmo^m yellow Ehrlich reactors in the water 
soluble fraction were studied.
Water soluble material was treated on ion exchange 
cellulose columns to determine whether or not a.uxins might be 
released or retained on the column during this treatment.
Ehrlich reactors produced on the BBAE celluD.ose columns have been 
studied. Evidence for interconvertible auxins and for a non- 
indolic auxin system is discussed.
The correlation of Bioassay and fluorimetric analysis 
of auxins and work on the auxins in Cabbage extracts is 
described. IAN was identified by spectrophotofluorimetric 
techniques in the neutral ether fraction of Cabbage extracts.
J
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ABBREVIATIONS USED; ; ' “ ; ■
lAA ..........  Indole-3-acetic a,cid.
IAN ........... Xndole-3-acetonitrile.
B O P A ........... 3,4 dihydro^yphenjrlalanine.
The abbreviations used for the chromatography solvents are 
given in Chapter 2, special attention is drai-m to the use of 
the phrase * Bioassay solvent*, this is isobutanol/methanol/ 
water.
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CHAPTER I. INTRODUCTION
This introductory chapter is divided into three 
sections. The first gives the context of the thesis hy 
discussing the nature of the control of growth in root tissue. 
The second discusses the methods used in the analysis of the 
endogenous auxin content of roots, and the finaJ section shows 
the way in which the problem has heen approached, partly on the 
hasis of previous methods and partly hy application of new 
techniques.
(a ) The nature of the control of groifth in root 
tissue
Despite much time and effort having heen 
employed upon this problem, very little is known about the 
control of growth in root tissue. The presence of many growth 
regulating compounds in extracts of roots have heen shoim hy 
modern physical, chemical and biological techniques. However, 
the compounds are only Icnoim hy their R^ values and hioassay 
response. In a few cases a color determination has shoim 
something of their nature, hut as yet no definite identifica­
tions have heen made.
It has for a long time heen tacitly assumed that 
these growth regulatory compounds woijü-d prove to he indolic in 
nature. lAA has for a long time heen recognised as an auxin.
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i.e., a plant growth substance characterised by the property of 
stimulating extension growth in cells in bioassay tests, Audus
(1959)* Extension growth, as discussed later in this chapter 
is but one aspect of the complex phenomena of grovrfch. lAA has 
been isolated from maize seed by Haagen-Smit ^  aJ (1942) and 
Jones et ^  (1952) has isolated and characterised the 
corresponding nitrile, IAN. However, the presence of this 
compound, free in the living tissue is however at the moment 
uncertain, see later discussion on methods for analysis. Many 
claims have been made for the presence of lAA in root tissue, 
but unequiyocal evidence is not forthcoming. Some authors have 
suggested that it may not be the active substance in roots (Audus 
and Shipton (1952) Street (1954))» This survey is not intended 
to be fully comprehensive and more time will be spent on more 
recent work than on the now classical studies.
Darwin (I880) working on Vicia faba roots showed 
that the stimulus of gravity was perceived at the root tip and 
then transmitted back to the region where the unequal groTrith and 
thus the curvature occured. Experiments by Weisner (I884) and 
much later'by Cholodny (I924) and Banning (I928) indicated that 
removal of the root tip gave a small growth stimulation. Prom 
the further work of Cholodny (1926) on the decapitation and 
interchange of shoot and root apices, and Went (1926) on the 
responses of the coleoptile to gravity and li^t, there was
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formulated the first important* hypothesis of tropisms, loiown as 
the Gholodny-Went hypothesis. The important postulates of this 
hypothesis that apply to roots have been summarised by Street
(1961). They are, (a) the root produces an auxin similar to or 
identical with that secreted by the coleoptile tip of grasses, 
and that this controls the expansion of the root cell; (b) the 
growing root cells as a result of this secretion contain auxin at 
a concentration above the optimum concentration for their growth,
(at supra-optimal concentration)- (c) geotrôpic stimulation causes 
the cells in uppermost part of the root to receive less auxin and 
those in the lower half to receive more auxin than normal; (d) in
consequence the cells in the upper part of the root receive auxin 
at nearly the optimum concentration and their growth is enhanced, 
while the cells in the lower part receive a still more markedly 
supra-optimal concentration and their expansion is further 
retarded.
Whereas some work appears to support this hypothesis 
there are important pieces of recent experimental evidence that cast 
some doubt upon its validity. Work by Hawker (1932) and Boysen- 
Jensen (1933) give apparent support. Hawker (1932) placed Zea 
mays roots horizontally. Cutting off the tips after three hours 
she split them into upper and lower halves and placed each half 
onto one side of a decapitated root. On measuring the curvature 
she found that the half which had been lower during stimulation.
16
caused a curvature three times as great as the uppermost half. 
Boysen—Jensen (1933) orientated seedlings of Vicia faha horizontally 
for four hours, cut off the root tips and placed them horizontally 
against two agar blocks for 2-5 hours. These blocks were then 
placed unilaterally on decapitated Avena coleoptiles. Ihe block 
that was previously in contact with the lower half of the 
stimulated root caused greater curvature than that previously 
against the upper half of the root. Audus and Lahiri (I96I) 
criticised the work of Haxker and Boysen-Jensen for not having 
vertical roots as controls.
An important doubt has been thrown on the validity of 
the Choiodny-Went hypothesis by the work of Audus and Brownbridge 
(1957) " They have shown that during geotropic curvature both the 
upper and lower halves of a root previously stimulated in the 
horizontal position, grow more slowly than normal and that the 
lower side, growing more slowly than the upper side, causes a 
curvature. Recently there has been accumulating evidence that 
perhaps the auxin concentration of roots is not supra-optimal to 
growth. Younis (1954) has shown that no stimulation followed 
the decapitation of roots at O .5 and 1.0 mm. behind the apex and 
that removal of a 2 .0 mm. tip caused an immediate and significant
retardation of growth.
Applications of auxins (IAA) to intact roots, decap­
itated roots, root segments and root isolates have in general
17
resulted in inhibition of growth. However, there is evidence 
that the growth of intact roots can be stimulated by very low 
concentrations of auxin (circa 10“^ ppm.). Aberg (l957) 
questions the reality of the stimulations while Larsen (I96I) 
accepts the stimulations as real, but points out that they occur 
only after several hours, and that they may be a result of the 
adaption of the root to new levels of auxin. He warns against 
the assumption that roots in which elongation can be stimulated 
by auxin, possess a concentration of auxin which is sub-optimal 
for elongation. Audus and Das (1955) working with root sections 
have shown stimulations which are manifest in low concentrations 
of IAA. and less than four hours after application. Larsen has 
suggested that the level of endogenous auxin may be lower than 
in intact roots and that the mechanism of stimulation may be 
different from that Involved in the stimulation of intact roots. 
It may be that the level of auxin in the region of root from 
which the segments are taken is lower than in the tip, but not 
because it.is removed from the tip. If then the tip supplies 
the auxin at an optimum level, the removal of a segment from its 
source of supply would be expected to reduce the groT-rbh rate and 
addition of IAA as the auxin or an alternative auxin will cause 
stimulation compared with the control. Work by Street (1961) 
shows that the growth of excised roots from a number of 
species is, under the appropriate cultural conditions markedly
18
enhanced hy appropriate concentrations of auxins.
Audus (1962) in a thorough analysis of the 
perception of gravity hy plants, says that sensitivity to gravity 
is not confined to the hormone producing regions of organs, since 
curvatures can still he shown, although greatly reduced, in 
decapitated roots, Syre (1938) Younis (1954)- The application 
of auxj.n (IAA) to the cut surfaces can largely re-estahlish the 
lost curvature, Geiger-Huher and Huher (1945)? Pilet (1953). In 
addition to the fact that this shows the extending zone of roots 
to he sensitive to gravity, the response being apparent only 
when growth is released by renewal of the hormone controlling 
supply, it also suggests that the auxin concentration is not supra 
optimal in these tissues.
In a growing cell the pressure exerted by the proto­
plast on the cell wa.ll is the driving force for cell wall 
extension in growth, Audus-^(l962). If an auxin can be shown to 
have a direct effect oft. the protoplast of the cell to make it 
swell or vacuolate, then the concentration of auxin required to 
produce this effect can be expected to be of importance in 
suggesting the level at which the endogenous auxin might be 
effective. The assumption of course being made that the applied 
auxin mi^t be the same as the endogenous auxin. With this in 
mind, the work on the isolation of plant protoplasts by Cocking
(i960) and on the vacuolation and bursting of these protoplasts,
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Cocking (1961) is of great interest. In the presence of IAA, 
the vacuoles of isolated protoplasts hurst, it also causes the 
formation of new vacuoles in protoplasts that are already 
vacuolated and in densely protoplasmic protoplasts. When the 
protoplasts have heen isolated from root tips of tomatos the 
optimum concentration for the occurence of these changes is of 
the order 10“^^ - grm liA/ml (lO“A i o “® ppm). It is of
particular interest that the most ma.rked response to IAA. was at
—1 / __2
10 grm/ml (lO ppm) in protoplasts isolated from tomato
cotyledons, Cocking (1961). Audus (1959) gives a graph which 
shows the growth response of roots and stems to added auxins, 
the maximum growth response of stems being circa. 1 ppm. and of 
roots being 10  ^ppm. When the factors of penetration of IAA. 
into cells of plants as against their isolated protoplasts are 
taken into consideration, the figures given by Audus and Cocking 
show an interesting similarity and support the suggestion by 
Audus (1959) that the difference between roots and shoots may 
be one of degree and not of fundamental response.
Further work by Cocking (I962) has shown the 
activity of other compounds such as gibberelic acid in the 
bursting of protoplasts and the inactivity of others such as 
kinetin. Since such bursting is not specifically triggered by 
lA-A it does not lead us further to the nature of the auxin or 
auxins in roots. It does however strongly suggest that if
20
such low concentrations of IAA can produce such a marked 
physiological response then the concentration of auxin in roots 
is unlikely to he supra-optimal•
The many apparent contradictions of the subject 
serve to indicate the lack of specific information in this 
field and the many possibilities for research. The foregoing 
discussion is oversimplified by the apparent assumption of 
there being only one auxin that is of importance in the ultimate 
control of extension gro^ rth. It is a safer assumption that 
growth is controlled by many grovrth regulatory substances, them­
selves regulated in some extremely complex fashion.
Perhaps the most urgent step in understanding the 
nature of the control of gro>rfch in roots is to know something 
of the chemical nature of these compounds. Wha.t is the acid 
ether soluble AP (ii) of Audus and Lahiri (l96l) that is 
increased in amount on geo tropic stimulation? >Jha,t is the 
chemical na.ture of the water soluble apparently inconvertible 
substances found by Britton, Housley and Bentley (1956) and 
Lahiri and Audus (l96C^ These, one feels, are the questions that 
need anfanswer before we can proceed much further in the dis­
entanglement of the nature of the control of growth in roots.
Since the first bioassays of chromatograms by 
Bennet-Clark et al (1952) and Luclwill (1952) a large amount of 
work has been done on the separation of growth regulating
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compounds from extracts of plant tissue* However, more work 
has heen done on fruits, stems, leaves and seeds of plants than 
on the roots. Many reviews of this work and related work have 
heen published over the last ten years. On growth regulating 
substances in general, Bentley (I958), Steward and Shantz 
(1959)5 Nitsch (1961); states of auxin in the plant, Bentley
(1961); on indole auxins, Fawcett (1961)5011 Gibberelins, Stowe 
and Yamaki (1957), Phinney and West (1960) and on problems of 
root growth and of endogenous auxins, Burstrom (1953), Aberg 
(1957), Street (196O) and (I96I) and Pilet (1962).
It is common practice to compare the histogram 
pattern obtained in bioassay of chromatograms run in iso­
propanol/ammonia/water and in iso-butanol/methanol/ifater as if 
compounds ran to the same values in the two solvents. It 
seems in view of the changing and different R^ values of IAA 
in both these solvents (see later discussion p/23), to be a 
method open to some critiseism. If however the R^ area is 
characterised by its response in more than one type of bioassay, 
it would seem to be a fairly reasonable approach.
Most attention has been concentrated on those 
auxins, supposedly acid in nature, as shown by their extraction 
into bicarbonate from ether extracts. Present knowledge of 
these auxins isolated from roots has been summarised by Pilet
(1962). These can be roughly classified as follows:
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(i) ACCELERATOR ^  which, rrms nea?? the starting 
line. First found by Bennet-Clark and Kef ford (1953) end 
characterised by its ability to promote extension growth of both 
coleoptile and pea root segments. It stimul.ates coleoptile and 
root section growth at concentrations roughly corresponding to 
that of the extracted tissues. It is interesting to note that 
it stimulates root and coleoptile sections at the same concen­
trations^ cf IAA. Stowe and Thiamann (1953) suggested tha.t 
ac cell era, tor (K, substance a, Lexander (1953) and the IAA tail of 
Terpestra (1953) referred to indole-3-pyrcr.rc acid. Bentley _et 
al (1956) report its instability in ammoniacial solvents and 
state that whereas it has a low but real actii/dty in the 
coleoptile test it causes only inhibition of cress root growth. 
This suggests that accelerator oC which promotes root groTrth is 
not indok^3-p^rruvic acid. Thurman and Street (1960) found 
accelerator cK, in tomato roots. Lahiri and Audus (I96O) have 
found A?(i), using a neutral solvent, in bean root extracts which 
shows the same properties of gr'owth promotion as accelerator
(ii) INHIBITOR ^  1 This compound, runs in front of 
an lAA-like substance, it is inhibitory both to coleoptile and 
root sections. It was first found by Bennet-Clark et al (1952) 
and has been found by many workers in different roots, Lexander 
(1953)- Triticum, Bennet-Clark and. Kef ford. (1953) and. Lahiri and. 
Aud-us (i960) - Vicia faba, Audus and Tliresh (1953) and Audus
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and. Gunning (1958) in Pisum, Pilet (1958a 1958b I96I)- Lens,
Thurman and Street (1960)- Tomato roots. It has been suggested 
that inhibitor ^  is complex in nature and in part phenolic. 
Torrey (1959) studying the color reactions of this region, found 
that while it was positive to Salkowski it was negative in the 
Ehrlich test5 he suggests that it is unlikely to be an indole. 
There are, however, indole compounds that react afcypically with 
the Ehrlich reagent.
(iii) The lAA-like substance. The highest 
activity in this fraction usually occurs at the same as IAA. 
Aberg (1958) states that there is very little doubt as to the 
identity of the native substance with IAA. It invariably 
promotes the growth of coleoptile sections and has been shoi-jn to 
occur in broad bean roots in concentrations inhibitory to the 
extension of pea root sections, Lahiri and Audus (I96O). There 
is however very little evidence for the presence of IAA in bean 
roots. Bennet-Clark, Younis and Esnault (1959) have used 
starch columns to separate the ’’apparent IAA” and find no 
evidence to identify it with IAA. Lahiri and Audus (I960) have 
discussed the activity-dilution relationships of AP^^^ (lAA 
position) and comment that activity changes much more rapidly 
with dilution than is the case with synthetic auxins, such as 
IAA. No readily reproducible color reactions have been 
obtained at this position.
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In addition to the three main areas discussed 
ahove 5 ether areas of promotion and inhibition have been described. 
As nothing further than bioassay response is known of these 
areas, they do not add to our knowledge, but serve to underline 
the complexity of the situation. It should be pointed out 
that differing histogram patterns are obtained using different 
methods and solvents for extraction.
When the extract has been exhaustively extracted 
with ether at pH 3.0 the remaining fraction is termed the water 
soluble fraction. Methods of obtaining the water soluble 
fraction vary a little but workers who have bioassayed this 
fraction agreed upon its substantial auxin activity. Britton, 
Ecusley and Bentley (l95&), Audus and Gunning (1958) Lahiri and 
Audus (i960) and Thurman and Street (196O). Tlie auxins X, Y 
and Z of Britton et ^  (1956) showed spontaneous interconvert­
ibility on elution and rechromatography. Lahiri and Audus (196O) 
were able to repeat this phenomena using a nuetral solvent. As 
Britton et al (1956) used an ammoniacial solvent their results 
must be viewed with caution, ' Housley and Bentley (1956) have 
evidence that shows that such solvents cause the destruction of 
water soluble growth substances. Other cases of interconvert­
ibility involving tryptamine have been described, Hemberg (1958) 
and this is of interest in connection with the results of Fish 
et al (1956a 1956b), these described the rearrangements or tert
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amino oxides under relatively mild conditions. One compound 
giving rise to three or four compounds.
Evidence for the presence of indole compounds in 
the water soluble fraction is good, tryptophan has been 
identified by Thurman and Street (I960) and this is confirmed 
by the present work. Alkaline hydrolysis of the water soluble 
fraction, Most (I962) leads to the production of a number of 
Ehrlich reacting compounds. Britton et al (1956) have suggested 
that a "non*indole system” of growth regulators may exist in the 
tomato. Butcher and Street (1960) have evidence for a 
glbberelin-like growth promoting substances in tomato roots.
In a consideration of the control of root grot-rth 
it is important to consider the state of auxin in the tissue. 
"Free” auxins may be considered as those auxins which are 
readily and quickly extracted from the plant by methods which 
minimise the conversion of *precursorë*to auxins. These 
methods usually involve rapid extraction at low temperatures to 
prevent the action of enzymes, or methods of inactivating the 
enzymes such as rapid boiling or lypholization. Plant tissues 
will yield auxins on harsher treatment, and these are thought 
of as "bound" auxins, thaf is, active auxin in' a complex with 
another compound. Definitions of these two states of auxin, 
the free and the bound, are not at all clear, because the mild 
extraction of "free" auxins of bean roots quite clearly also
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extracts auxins which are in the form of inactive complexes or 
are possible simple precursors such as tr^rptophan. As the 
test object in a bioassay may have the power to convert a 
precursor or inactive complex ir1o-vn auxin, it is difficult 
both to investigate or define the physiological significance 
of the two forms until their chemical nature is knoTO.
Some workers are concerned with the examination 
of endogenous auxins and complexes and others with feeding lAA 
and other synthetic auxins to plants a.nd investigating the 
compounds formed, Street (l96l), Bentley (196I) says "it is 
not clear whether the two lines of approach wil.l meet on common 
ground, as application of auxins to a tissue which already ha.s 
its full complement of its own auxins may lead to reactions 
which would not normally occur". With this proviso in mind I 
feel that both approaches may be of value but favour the 
former and perhaps more difficult task of investigating the 
endogenous auxin, content of root tissue.
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(b ) Methods used in the analysis of the endogenous auxins of roots.
In Chapter 2, each method used for analysis is 
described and in an introductory section its advantages and dis­
advantages are discussed. It is the purpose of this section to 
review in a general way some of the problems that one meets in 
analysing the endogenous auxin content of a tissue. Chapter 2 
has been divided into two parts (a) The Assay and Identification 
techniques, and (b) Growth of Material, Extraction and 
Birification techniques. This division is to malce for a clear 
presentation but it must be stressed that in working with the 
purification techniques I have had uppermost in my mind the idea 
that these were also identification techniques, in the sense that 
Tiselius (1958) says, "such methods form the foundation for our 
definition of chemical compounds".
The first step after growing and selecting the plant 
material is to prepare it for extraction and then extract it.
This step is of vital importance. Recent work by Virtanen and 
Gmelin (1960) (l96la) (l96lb) summarised by Virtanen (1962b) 
touches on the field of hormone research and draws attention to 
the dangers implicit in this first step. These workers invest­
igating the formation of the thiocyanate ion (SC1T~) in cabbage, 
found that they could not detect its presence in intact cabbage, 
but rapid formation was detected when the cabbage was crushed.
The origin of ion was found to be in a precursor which they
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called ^uoobrassin (l)^ the diagram below taken from Virtanen 
(1962b) shows the various products that can arise enzymatically 
and non-enzymatioally during the extraction of crushed cabbage.
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Among them was the asoorbigen of Quha and Pal (1936), isolated by
Proohazka, Sanda and S?rm (1957 and indole-3-aoetonitrile isolated
by Jones et al (1952). The formation of these compounds is non- 
hMir
enzymatic tijjf arises from the action of myrosinase on the
glueobrassin. >/hen glucobrassin is boiled in aqueous solution,
considerable amounts of indole-3-acetonitrile are also formed.
On acid and alkaline hydrolysis lAA was formed besides other
indole derivatives, Gmelin and Viibtanen (l96lb), Glucobrassin
itself has no growth promoting effect on the Oat Coleoptile test,
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whereas hydrolysates of glucobrassin show h i ^  activity.
Virtanen (l962b) comments on how this affects the ideas on bound 
growth hormones in cabbage, Bentley (I958), and the work of 
L i n s e r ^ ^ l  (1958)* Kuta&ek, Proohazka and Veres (I962) 
working with a method of extraction suggested to them by Gmelin, 
inactivating the myrosinase by heat, by placing the fresh intact
leaves in boiling methanol for two minutes, confirmed Gmelin and
Virtanen's results by isolating glucobrassin but not detecting 
asoorbigen and indole-3-acetonitrile. The physiological 
significance remains obscure but Kuta&iek, Proohazka and Veres
(1962) state that the reaction glucobrassin to indole-3-
acetonitrile is not reversible in vivo.
The fact that some enzymes and their substrates 
can be separated in plant cells and come in contact only upon 
crushing of the cells and produce plant growth substances, so 
clearly demonstrated in these results, re-emphasises the 
importance of inactivating the enzymes before extraction.
Perhaps boiling of the tissues, a method used by various workers 
(see Chapter 2, section B.2.) is too drastic, because whereas it 
does inactivate the enzymes it takes no account of the possible 
heat labile nature of unknoivn groT^ rth substances. Freezing the
tissue at 0° G. after harvesting seems too slow. 1 have
adopted the method of almost instant freezing in dry ice and
blending at ca - 9° C. in absolute methanol as being the most
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practicable method when working with large amounts of tissue,
(0 .5 - 2.0 kilograms). Most (1962) working with smaller 
amounts of material (l grm.) used freeze drying followed by 
methanol extraction. In harvesting whole bean root tips, the 
ide8,1 method, 1 feel, would be to freeze the whole seedling in , 
dry ice and then harvest the root tip, freeze dry and extract 
in absolute methanol. This would prevent the exposure of cut 
ends of material at room temperatures. Results of Most (1962) 
are interesting in this connection; he finds that the amount of 
acid ether auxin (presumably the same as the AP (ii) of 
Audus and Lahiri (196I)), is greater in whole roots than it is 
in the summed total of the two haJves of split roots, at .all treat­
ment times from O-5O minutes of horizontal stimulation. He 
suggests that enzraatic activity at the cut surfaces before 
freezing at -70° C. may account for the difference, the ratio 
of cut surface to root volume being much larger in the case of 
the split roots. The choice of a suitable extractant and the 
control of other conditions during extraction are discussed in 
Chapter 2 in the section on extraction.
^fter the extraction has been performed and the 
extractant separated from the debris, the second step is, how to 
set about the separation and purification of the individual 
components of the extract. There is no doubt that the bioassay 
of a plant extract of even of a fraction of an extract is of
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little use because of the complicated mixtures of groT-rbh 
promoting and growth inhibiting substances that are present, 
Bentley (196I).
It is often the case, that where workers have pushed
the separation and purification as far as their methods will allow,
the large discrepancies between estimates of say, lAA content, by
two different assay methods, show that completely satisfactory
separation has not been achieved. For Brassica oleracea roots,
Ldnser and Maschek (1953) report an auxin concentration equivalent
to 2 X 10 ^ M lAA when estimated biologically, while the
-Acolorimetric determination of I M  gave 5 x 10 M. Work by 
Housley and Griffiths (1962) on pea seeds harvested three weeks 
after flowering, resulted in an estimate of 40-53 j^grms IM./1OO 
grms fresh weight of tissue determined by spot area and between 
834-I552 |v grms/lOO grms when determined by bioassay. They comment 
that this discrepancy is thought to be caused by the presence of 
auxins or auxin precursors which chromatogram at the of lAA 
but give no Salkowski or Ehrlich reactions. Alternatively, it is 
known that certain compounds interfere with the colorimetric 
tests for lAA.
One of the problems of getting two satisfactory 
methods of a,ssay for the same material is that the sensitivity of 
known colorimetric techniques does not match the sensitivity of 
the bioassay methods. It is hoped that the application of the
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extremely sensitive technique of spectrophotofluorimetry 
to this field will help overcome this difficulty. Further 
discussion of this is given in Chapter 2 section A.I.
During the purification of the extract, it is 
desirable to treat it in the mildest possible way, both physically 
and chemically, until separation of the individual components 
has proceded as far as possible; on the basis that the more com­
ponents you have in a system that is treated harshly, the more 
new combinations and artefacts one will create. It is, however, 
informative after the purification process has gone to a certain 
stage, to use harsher treatments which might cause the formation 
of compounds that can be identified. It is then possible to 
use this knowledge to work back to the determination of the 
naturally occuring components. A simple example would be the 
alkaline hydrolysis of suspected indole-3-acetonitrile to lAA or 
its reduction to tryptamine with lithium aluminium hydride,
Jones e^ aJ_ (1952).
Many of the dangers arising in methods of solvent 
partition and paper chromatography are discussed in Chapter 2 
under the appropriate sections. The dangers arising from the 
methods of Column chromatography and Paper Electrophoresis used 
are discussed in Chapter 4 after the results of the application 
of these methods have been presented.
After the purification and separation of the
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components of the extract has proceded as far as the present 
methods will allow, the third step concerns the Qualitative and 
quantitative techniques. The problem of arriving at à position 
when two assay methods will give the same result has been 
mentioned previously. The advantages and disadvantages of 
spectrophotofluorimetry and chemical determinations are dealt 
with in Chapter 2.
It is however, because the compounds that we are 
concerned with, the auxins, are defined as "those plant grotrkh 
substances which are characterised by their property of 
stimulating the extension growth of shoot cells in bioassay 
tests", Audus (1959)? that 1 want to spend some time discussing 
the subject of Bioassay. A compound on a chromatogram that 
gave a stimulation of growth in the Oat coleoptile or mesocotyl 
test would be termed an auxin, but until the mode of functioning 
of auxin or auxins is known, it is impossible to say- whether 
such a compound described above is in fact an auxin or an auxin 
precursor. The test object may have the ability to convert 
the precursor into an auxin. In this respect it is important 
to consider the nature of the bioassay test object to be used, 
this is discussed a little later. In the last chapter dis­
cussion will be given concerning the different responses of Oat 
coleoptiles and mesocotyl sections to the same areas on 
chromatograms and to the same concentrations of unknown compounds.
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In this discussion I shall he concerned with other aspects of 
growth in addition to the aspect of cell enlargement. As 
Steward and Shantz (1959) have pointed out in a penetrating 
review on The Chemical regulation of Growth, "the coleoptile 
tests and pea tests focus attention on the principal effect of 
auxins which is to promote cell enlargement, so that some 
writers in this field use the term "groi/rbh" as though it were 
synonymous with "cell enlargement".
An appreciation of the dangers implicit in the 
hioassay of sections of chromatograms is becoming more general. 
The preparation of chromatograms for bioassay is described in 
Chapter 2, effects of solvent on the breakdown of compounds, 
biological variability and other factors have been discussed in 
detail • by Most (1962). A bioassay of one section of a 
chromatogram must be regarded as a total response of the test 
organic ' to a number of compounds. As the identification of 
the compounds at that proceeds so it becomes more possible 
to interpret the total response in terms of the interaction or 
non-interaction of its individual components.
It is important to consider carefully the nature 
of the bioassay to be used. Pilet (I962) comments that it is 
not always possible to employ for biological analysis the same 
organ which provides the active extract. Considering the very 
rapid browning of the cut ends of bean root segments, when
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incubated in a damp atmosphere and the variability of this 
material, this statement would appear to be true in the case of 
Vicia faba roots. One would however, like to see whether it 
could be done. Street (1960) comments that the use of pea root 
segments and excised root cultures as test objects, in the assay 
of root extracts, increases the value of the work. The 
importance of the use of excised root cultures has been demon­
strated by the different effects obtained by Street _et ^  (1954) 
and Street (1960) when they applied IM. and indole-3-acetonitrile 
to tomato root cultures and studied the morphology, cell diri.sion, 
expansion and different ion of these cultures. It may be that 
work by Dr. Fuller in Oxford on the establishment of tissue 
cultures from the meristematio cells of Vicia faba roots m i l 
prove useful in this connection.
The pea root assay has .been used by many workers and 
provides extremely valuable information about the extension groT-rbh 
inhibiting and promoting properties of compounds, especially when 
used in conjunction with the coleoptile test. For the present 
work it was decided not to use the pea root test, only for the 
reason that I did not wish to store the extracts for too long in 
the deep freeze and one pair of hands necessarily limits one's 
activities. It seems that a really thorough investigation in 
this field cannot be done without the establishment of a small 
team of workers or ai least the provision of skilled technical
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assistance. If one does not use a root test object, then the 
determination of the auxd.ns by the Oat coleoptile and mesocotyl 
tests seems the best way because, as pointed out in Chapter 2, 
section A.2., the effects of a large number of compounds on 
these test organs.are known.
Pilet (1962) comments that it is not enou^ to 
isolate and determine the nature of a compound and to analyse its 
biological properties, it is necessary to test the effects of the 
reintegration of the isolated factors. As yet, however, we 
have hardly started to identify the compounds effective in 
promoting extension growth in test objects, let alone those res­
ponsible for control of other gro^ rfch phenomena in roots. The 
aim of this work iskto proceed with attempting to identify the 
compounds in roots that are effective in regulating extension 
growth, defined by their activity in promoting extension growth 
in Oat coleoptile and mesocotyl tests. How this is to be under­
taken is outlined below.
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(^ ) -8lbad:ement of the present problem and method of approach.
Work by Lahiri and Audus (I96I) have shown that 
the rate of gro^rth and acid ether soluble auxin content 
(particularly AP (ii), per root syster) ate approximately at a 
maximum at 12 days. It was therefore decided to work on 12 
day old seedlings, the tap root at this time having developed 
an .extensive lateral root system. As mentioned before, the 
object ' was , to identify the compounds in roots responsible for 
regulating extension growth. Steward and Shantz (1959) state 
that "it is no longer particularly instructive to multiply 
examples of these alleged groirrkh-promoting "Substances" which 
are designated solely by areas on the chromatograms or even to 
indicate the multiplicity of inhibitors, unless the responsible 
compounds can be isolated and identified." This feeling is 
currently shared by many workers in this field. It was there­
fore felt important to attack the present problem with a multi­
plicity of specific detection and separation techniques.
In addition to methods which are familiar in this 
type of work, solvent partition, bioassay of chromatograms, 
paper electrophoresis, chemical determinations on chromatograms 
and uv. spectroscopy, an attempt has been made to use spectrophoto— 
fluorimetry to detect small amounts of indole compounds that 
might be present. The examination of many knoim indole 
compounds has led to the establishment of useful parameters of
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identification. These are discussed fully in Chapter 2, section 
A.i. The technique has been applied to compounds isolated from 
plant extracts.
Ion exchange celluloses have been used for the 
separation and isolation of compounds from extracts. The results 
of this work point towards it being a useful technique. The 
development of the technique is described in Chapter 2, the 
results of its application to extracts in Chapter 3 and its 
advantages and disadvantages are discussed in the last chapter.
In particular, an attempt has been made to isolate 
and identify the lAA-like compound reported by many workers in 
the acid ether soluble chromatograms. The establishment of the 
identity of this compound being of particular importance in 
determining the significance of an increase in amount of this 
compound, called AP (ii) by Audus and Lahiri (196I), in geotrop- 
ically stimulated roots. As was pointed out in the first part 
of this chapter, recent interest has been focussed on the auxin 
content of the water soluble fraction. In this work attempts 
have been made to determine the chemical nature of these auxins.
In addition the question of the interconvertibility of these
auxins has been taken up.
In the previous section of this chapter, I said 
that when a bioassay is performed on a section of a chromatogram, 
the result must be regarded as the total response of the test
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object to a number of compounds. I have tried to identify as 
many compounds as possible in the extract in order that, together 
with the of the compounds in the bioassay solvent, it would 
be possible to say that at a certain section of the chromatogram 
one would be likely to have certain other compounds, which 
althou^ they mi^t not be directly active on the extension 
growth might modify the uptake or action of an auxin occuring in 
the same section of the chromatogram. In the case of certain 
compounds it has been possible to provide a fairly accurate 
estimate of the amount present and in the case of others to say 
that there would, for example, be more than 10 ^ grms. present.
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CHAPTER 2. MA.TERIAL ART) TŒTHODS
SECTION A . THE ASSAY AND IDENTIFICATION TECHNIQUES
1. Spectrophotofluorimetry
(a) Introduction
In Chapter 1. reference was made to the importance 
of having a specific chemical or physical technique which had the 
same order of sensitivity as the hioassay techniques that have been, 
used for the assay of paper chromatograms. The most sensitive 
colorimetric tests for IA4. are due to Mitchell and Brunstetter 
(1939). Of these the 'Nitrite test' is suitable for a, concen­
tration range of lAA from 10-150 |ugrms/ml. and the Ferric chloride 
test can be used for a concentration range of 20-100 ^ grms/ml. with 
a limit of sensitivity of about 2 ^grms. These tests do not have 
the same order of sensitivity as some bioassay tests. The 
valuable technique of assay of paper chromatograms with Avena 
internodes, Nitsch and Nitsch (1956) has a sensitivity tto IM. of 
approximately 0.01 ygrm/ml.
The fluorescence of indole and indole derivatives on 
paper chromatograms, before and after chemical treatments, has been 
shown to have practical application in the qualitative determina­
tion of these compounds, Jepson and Stèvens (1953); Sen and 
Leopold (1954); Linser and Kiermayer (I956) and Bentley et al (1956)
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Qua.ntita.tive estimations of LAA on paper chromâtograms were made 
by Mavrodineanu, Sanford and Hitchcock (1955). A maximum 
sensitivity of 0.5 f/grm per spot was obtained but the relationship 
between the emission readings and the concentration is non linear 
and of a relatively small gradient between 0.5 fjgrin and 10 ^ grms 
per spot. Furthermore the readings made on chromatograms of 
plant extracts were unspecific in nature. A device for automatic 
measurement of light absorption and fluorescent emmision on paper 
chromatograms is described by Brown and Ma.rsh (1953). Ebert
(1955) describes a method for forming a fluorescent derivative of 
LAA by heating it in a solution of copper sulphate and concentrated 
sulphuric acid. A considerable increase in fluorescent intensity 
was claimed for this technique. The results of an investigation 
of this technique are described in section (3) to follow.
Progress in the field of fluorimetry has until 
recently been inhibited by the lack of suitable instrumentation.
An instrument capable of recording excitation and fluorescent 
spectra over the whole ultra violet and visible range was required. 
In 1955 two such instruments were made commercially available, the 
Aminco-Bowman Spectrophotofluorimeter and the Farrand 
Spectrophotofluorimeter, both based on a prototype described by 
Bowman at al^  (1955)* The work in this study was performed using 
the Amineo-Botman instrument. Audus (1959 unpublished) realised 
the potential, use of this instrument for the analysis and assay of
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plant indole compounds. With this instrument it is possible to 
obtain excitation end fluorescent spectra over the whole of the 
u].tra violet and visible range, the maxima of these spectra which 
are characteristic of a compound under given conditions, provide 
two important parameters for identification. It is possible to 
make quantitative estimations of I M  with a practical limit of 
sensitivity of 0.0175 /ugrm/ml. at pH 5*0. The intensity of 
fluorescence of indole compounds changes in a characteristic way 
with change in pH of the solution. This information provides a 
further parameter for identification.
Unlike the colorimetric and early fluorimetric 
methods of assay described above it is possible m t h  this method 
to follow the fluorimetric analysis of a sample with a bioassay 
on the same sample, providing the material is not rapidly changed 
by exposure to ultra violet light. As the fluorimetric assay is 
comparable in sensitivity to the Avena internode test, Nitsch and 
Nitsch (1956) it is possible to compare the two types of analysis 
and obtain a further indication of the nature of the compounds.
For instance, the excitation and fluorescent maxima and the 
relationship between fluorescent intensity and concentration is 
the same for lAA, ^indole-3-pr opi oni c acid and y indole-3-butyric 
acid, but the response of the Avena internode to similar concen­
trations is different, Nitsch and Nitsch (1958)(I960).
When this study was started in 1959? although books
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on the theoretical aspects of fluorescence were available, 
Pringsheim (1949)? only one book on the practical aspects of the 
technique were available, Bowen and Wokes (1953). When this 
book was written only a limited type of instrumentation was 
available. An excellent recent book by Udenfriend (1962) has 
collected together the experience of many workers in the field of 
fluorescent analysis. A thorou^ study of this book will enable 
the newcomer to the subject to avoid many mistakes which I learnt 
to avoid through hard experience. Information on recent 
developments in fluorescent analysis is to be found in revietc that 
have been published in Analytical Chemistry every two years since 
1948. Papers concerned with the fluorescent behaviour of indole 
compounds and related compounds appeared before and after the 
commencement of this study, some of the more important contribu­
tions are outlined below.
The fluorescence of some aromatic amino acids, 
including tr^rptophan has been studied by Duggan and Udenfriend
(1956) and Teale and Weber (1957). Work on the contribution of 
aromatic acidsltovthe fluorescence of pfotiens is reviewed by 
Beaven (1962). Data for the excitation and fluorescent maxima 
of certain indole compounds is given in a study of compounds of 
biological interest, Duggan et al (1957). The effect of pH on 
the fluorescence of some indole compounds in aqueous solution is 
described by Udenfriend, Clark and Weissbach (1955) and White (1959)
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The effect of different organic solvents on the fluorescence of 
indole derivatives is described by Van Duuren (I96I). A study 
of the fluorescence of some indole alkaloids has been made by Haycock, 
Sheth and Mader (1959) Mader at al (1961),
It is important to describe the fluorescent 
characteristics of a considerable number of indole compounds and 
in particular of those compounds suspected of being of significance 
in the growth control of plants. These investigations will form 
the basis of a technique for the identification and quantitative 
estimation of indole auxins in plants. With the information of 
excitation and fluorescent maxima and of the effect of pH on 
fluorescent intensity, it should prove possible to identify com­
pounds isolated from plant extracts or at least to make certain 
statements about their chemical structure.
(b) Instrumentation
A detailed description of the Aminco-Bowman spectro­
photofluorimeter given in the Aminco-Bowman Catalogue No. A-8IOO.
A schematic diagram of the instrument is given in FIGURE 1. over­
leaf, and a detailed diagram of the optical system in FIGURE 2.
The Aminco-Bowman is equipped with a I50 watt Hanovia Xenon arc 
emitting an effective continuum from 200-500 m^. This is 
operated from a AC ballast. Udenfriend (1962) comments that 
later models were fitted Osram X B0-I5O watt Xenon arc lamps with 
a DC ballast which provided a more stable light source. This
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will be discussed further under the section on Practical 
Considerations, An activation monochromator selects activating 
light of the required wavelength. This is focussed on the sample, 
(two mis were used in these studies) contained in a fused quartz 
cuvette which has its four sides optically polished. Fluorescent 
light from the sample is analysed by the fluorescence monochromator 
and the radiation shines on a photomultiplier detector, for these 
studies an R,C,A, 1P21 photomultiplier tube was used. The weak 
electrical signal from the photomultiplier is amplified by the 
photometer and read directly on the galvanometer or fed to the 
vertical Y-plates of an oscilloscope. A voltage proportional to 
wa.velength is fed from an automatic scanning device to the X- 
plates of the oscilloscope. Depending on whether the voltage is 
taken from the activation or fluorescence monochromator, the 
resulting XT co-ordinate plot on the fluorescent screen of the 
oscilloscope, represents an^excitation or fluorescent spectrum.
FIGURE 3, shows a trace with the excitation and 
fluorescent spectra for lAA superimposed. It is important to 
realise that these are not true spectra, since they take no account 
of the changes with wavelength, of either the emission of the 
Xenon lamp or of the spectrum of sensitivity of the photomultiplier. 
An excellent paper by Parker and Rees (I96O) discusses the 
correction of excitation and fluorescence spectra. They point 
out that corrected excitation spectra approxi.mate closely to the
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FI1ITRP] J, The excitation and fluorescent spectra of lAA
at i i^ grm/ml (excitation max 2^ ^^  mu fluorescent 
max. mu. )
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absorption spectra, of a compound; a.nd that these can he obtained 
at a lower concentration than is possible for an absorption 
spectrum. The corrections can be made, but it has not been felt 
necessary, since in these investigations quantitative measure­
ments are made rela.tive to a standard and at the set wavelengths 
of the excitation and fluorescent ma.xima of the compound concerned,
(c) Calibration
As stated previously the spectra are instrumental 
values un corrected for the overall spectral response of the 
instrument. The instrument has however, certain inherent errors, 
arising from the non alignment of the grating and wavelength scales 
of the scanning system. The excitation monochromator of the 
instrument can however be calibrated by using a solution of Quinine 
sulphate in 0.1 U at a concentration of 1 ^ grm/ml. and
comparing the vaJues obtained with those previously established by 
other workers. Udenfriend ^  al (1957) gave values of 2SO anr)
350 mju for the minor and major maxima of the excitation spectrum 
of Quinine sulphate in 0.1 IT H^SO^, and the values obtained on 
this instrument were found toagree with these figures. The 
fluorescent ma.ximum for Quinine sulphate is however at 45O mju and 
the reading on this instrument is 475 m^, showing a value too large 
by 25 mfj. Corroboration of this error was obtained when a piece 
of ground glass in place of the cuvette was employed to scatter 
the excitation wavelengths directly into the fluorescence mono-
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cliromator and a similar difference of 25 myt'was obtained over the 
wavelength range. The figures in this work for fluorescent 
maxima are therefore the actua.l instrumental values minus 25 m/(/ 
due to the non alignment of the monochromator with the wavelength 
disc.
If a quantitative estimate of a compound is 
required; a calibtation cuorve of the synthetic material can be 
prepared and the values for the isolated plant compound can be 
read from the curve. This however presupposes that the compound 
from the plant is satisfactorily pure. Factors affecting 
quantitative estimations are discussed in the next section,
FIGURE 4 . shows a typical calibration curve for lAA.
The relationship between concentration and fluorescence of IM. at
-7 -5pH 5*0 is linear between 10 - 10 M if the solutions are
freshly prepared. At concentrations above 10 ^ M the relation­
ship is non linear due to the ’inner filter’ effect of strong 
solutions, Bowen and Wokes (1955)* If one is making quantitative
assay it is then important to make sure one is on the linear
portion of the curve. If the initial concentration is too great 
it is always possible to make a dilution. Even when one is on
the linear portion of the curve at say lO”  ^M it is always wise to
make dilutions of a compound from plant material to check that the 
relationship is linear.
_7
At the lower concentrations, 10 ' M of lAA., divergence
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fluorescent intensity for ÎAA at pH 5-0.
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froiP. a linear re 1 at ion ship occurs even with the synthetic compound 
unless very great care is taken in preparation of the solutions.
At low concentrations the blank becomes of increasing significance. 
Because of the difficulty of isolating compounds in sufficiently 
pure state this is one of the major problems of fluorescence 
assay. Sources of impurities are discussed in the next section,
(d) Practical Consid.erations
(i) Instrumental limitations
The precision with which the spectra can be traced 
and the accuracy with which the peak wavelengths can be fixed are 
determined by the size of the sLits in the optical system (see 
FIGURE 2). In this work, 3/l6 inch slits have been used at the 
entrance and exit of light into and from the cuvette. These give 
maximum sensitivity but minimum wavelength discrimination.
However, this fact is no great advantage since in this instrument 
the lower limit of accuracy for wavelength determination does not 
depend upon the optical system but on the mechanical scanning 
device and the accuracy m t h  which the wavelength scale can be 
read. The wavelength scale is graduated in 5 units and I have 
superimposed a clear ^ perspex disc over these scales with further 
subdivisions to 1 m^ to attempt to make the settings more accurate. 
The added perspex disc is ruled on the under surface so that the 
rulings are in direct contact with the original scale, this avoids 
elements of parellax. The lower limit of readings for practical
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purposes is 5
In connection with the 3/l6 inch slits it is 
important to examine these slits carefully and choose two to form 
the entrance and exit slits in the optical system which are 
identical. On examination of the four slits provided it was 
found that the actual position of the slits on the piece of metal 
was not exa.ctly the same in each case.
The main limitation to accurate quantitative analysis 
is the inherent instability of the Xenon arc lajnp. The Amineo- 
BoT-Tman manual states that "in reading the meter, large variations 
in fluorescent intensity will be observed due to variation in 
Xenon lamp intensity. For this reason, the assay should be com­
pleted as quickly as possible". The introduction of a more 
stable light source will have improved the situa.tion on more recent 
models of the instrument. However, I have found that if readings 
on a series of solutions are taken quickly and prepared standards 
are used, this difficulty can be overcome. The two sets of 
fi.gures used for preparation of the calibration curve in FIGURE 4 , 
were read on two separate occasions.
(ii) Factors affecting fluorescence in solution 
A discussion of factors affecting fluorescence of a 
compound in solution, such as li^t scattering due Id turbity of the 
solution, absorption of the fluorescence or competitive absorption 
by imourities in the sample and impurities in the solvents can be
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found in Duggan, Bowman, Brodie and Udenfriend (1957) and 
Udenfriend (I962) • The effect of temperature on the fluorescence 
of IIA has been described by J. Green (unpublished) in Udenfriend 
(1962) and the effect on tryptophan and tyrosine by Gaily and 
Edelmen (1962). It is important to keep the temperature constant 
for a series of readings. This can be done in the absence of a 
temperature controlled cuvette by allowing the solutions to stand 
together for some time prior to examination and to always incorp­
orate laiom standard concentrations.
The effects of possible impurities in solutions that 
have been extracted from plant material, upon the fluorescent 
analysis of the component which one is interested in, is discussed 
in the results. Udenfriend (1962) has pointed out the importance 
of using a spectrophotometer to show the presence of extraneous 
material absorbing at the excitation or fluorescence wavelengths. 
Solutions for analysis are contained in a fused quartz cuvette. 
ThoroU;gh cleanliness and the elimination of even the slightest 
traces of grease from these cuvettes is essential to avoid li^ ÿit 
scatter, and therefore when not actually in use, these are kept 
submerged in chromic acid. Udenfriend (I962) comments that it is 
not advisable to use chromic acid, since even traces of it may 
absorb sufficient light in the ultra violet region so as to 
interfere with am assay. In practice I have not found this trouble, 
I wash the cuvettes thorou^ly in water followed by ethanol 
followed by distilled water prior to use.
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The cuvettes were always held in forceps and not in the fingers.
Many detergents are fluorescent and cannot he used for cleaning 
purposes. The introduction of new cleaning agents such as R.B.S. 
25. (Medical and Pharmaceutical Development Ltd., Shoreham-hy-Sea, 
Sussex) may prove to he of value in this connection. Chromic 
acid is to he avoided for many reasons if it is possible.
It is important to purify the solvents used for 
determinations. In the extraction of a large amount of ma,terial 
using methanol and ether, may involve, in their removal hy vacuum 
evaporation, the concentration of impurities that will upset the 
fluorescent assay. Methanol used in this work has been redistilled 
and ether has been redistilled over ferrous sulphate. The growth 
of micro-organisms in buffer solutions will severely affect the 
accuracy of determinations at low concentrations.
Udenfriend (IP62) has discussed the problems relating 
to the analysis in dilute solutions, the effects of absorption of 
surfaces, oxidation and photodecomposition are described. In the 
section on solvent partition in this work, results which indicate 
the importance of such effects are given and their implications 
discussed.
These preceding sections have outlined some of the 
major advantages and dangers of spectrophotofluorimetry. The 
sections to follow describe studies thst have been made of indole 
compounds and of a few non—indole compounds, it is hoped that these
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results and the results obtained on extracts, described in 
Chapter 3 will show the importance of this technique in the futun^ e 
analysis of plant growth regulating compounds.
(e) Preparation of materials and buffers
The solutions for analysis were prepared by dilution 
of stock solutions of each compound. The stock solutions were
-42 X 10 ' M. Relatively insoluble compoimds were dissolved in one 
millilitre of methanol and made up with distilled water. At each 
pH value, one ml. of stock solution was diluted by 9 ml. of the 
appropriate buffer; 1 ml. of this solution was further diluted by 
9 ml. of buffer, resulting in a final concentration of 2 x lO”  ^M.
2 ml. of this final solution was used for fluorimetric examination.
In later studies on plant extracts, micropipettes,
0-25'
ml. and 0.025 ml. capacity were used and dilutions made into 
2.25 ml. or 2.5 ml. of buffer. This enabled one to maloe a study 
of the pH/ fluorescent intensity relationships m t h  only a small 
amount of the original solutions. Systems of semi automatic 
titration and pH/ fluorescent intensity measurements have been 
described for studying the behaviour of synthetic compounds. Gaily 
and Edelman (1962). With such systems it would be possible to 
study the effect of pH on fluorescent intensity on even smaller 
initial samples. However, as the samples from plant extracts that 
we have used may contain impurities it is as well to have some 
reserve buffering capacity in the solution. In aadition some
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interesting interactions "between compounds and "buffer solutions 
have heen observed and these have "been shoi'jn to provide useful 
parameters for identification.
Solutions of pH 0.1 and 1.0 were ohtahned using 
normal and decinormal sulphuric acid, and solutions of pH 13.2 
and 14 .0 "by using decinormal and normal solutions of sodium 
hydroxide. Me II vaine * s citrate/phosphate buffer using differing
proportions of 0.2 M Ha^HPO^ and 0.1 M Citric acid covered the 
range from 2.2 - 8.0. Sorenson’s (Halbum) sodium chloride/ 
glycine/sodium hydroxide buffer covered the range from 8.93 - 
12.10. A borate/sodium hydroxide buffer was also used to make 
additional observations in the range 9*24 - 12.38.
(f) Details of the excitation and fluorescence spectra
The excitation and fluorescence spectra for all the 
indole compounds so far studied are all single peaked, as shown in 
FIGURE 3, for lAA. Some compounds, for instance Quinine sulphate 
have m minor and major pealcs in their excitation spectrum, see 
FIGURE 5. back one page. For the indoles examined it has been 
possible to construct a two way classification table and this is 
shown in TABLE 1 overleaf. In addition to the compounds shoTm in 
this table there are three others, indole-3-acrylic acid, indole-3- 
aldehyde and indole—3—acetaldehyde which have been studied and these 
show no fluorescence over the pH range employed, at a concentration 
of 2 X 10“  ^M. Within the limits of accuracy of the instrument
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TABLE 1 The excitation and fluorescent majcima, of
the Indole compounds
Excitation
Maxima, 275 m
Fluorescence 
Maxima 
340 m Grajnine
280 m 285 n 290 m 295 m
5-OE
trjn p to p h ro n  
5-OE 
tipn-)t amine
345 m
350 m
355 m
360 ra
indole-3-
carho3ylic
acid
indole indole-3-
acetonit-
rile
indole-3-
acetamide
tryptamine
E-methyl
trinptophan
indole-3- acetyl 
asparagine 
indole—3— acetyl 
glutamine
indole-B-acetyl
glycine 
tryptophan
indole-3- 
lactic ac. 
E-acetyl 
tryptophan 
tryptophan^ 
(abovepHlO)
5-OE indole* 
3-acetic 
acid
365 m
370 m
tryptophol indole-3- 
acetic acid
indole-3- 
propionic 
acid
indole-3-
butjrric
acid
indole-2-
canbox^rlic
acid
skatole
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the 22 indole compounds can he separated into twelve different 
groups characterised hy different excitation and fluorescent 
maxima. It is the case, that some compounds with similar 
structure such as the three acids, lAA, /? indole-3-propionic 
acid and ^ indole-3-butyric acid cannot be distinguished, and 
even compounds with'very different structure, e.g., indole-3- 
lactic acid and E acetyl tryptophan show the same maxima. A 
discussion of how further discrimination may be obtained is given 
at the end of this section.
(g) The effects of pH on fluorescence
The information in this paper is essentially to 
propose a practical method for the identification of indole com­
pounds. Buffer solutions are used throughout this study as a 
quick practical way of obtaining the required pH value. The 
possible effects of individual components of the buffer systems 
on the fluorescence is recognised and discussed below. When a 
compound is separated from a plant extract, if its natuj?e is 
already suspected it is always compared against a known sample 
using freshly prepared buffer solutions, in this way the 
importance of any slight error in the preparation of the buffer 
solutions is reduced.
Changes in the pH of the media can affect the 
fluorescence of a compound in three main ways. Firstly, it can 
change the wavelength of the fluorescence maxima, or secondly it
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can change the intensity of the fluorescence or thirdly, a 
combination of these effects can occur.
The effect of increasing acidity on the fluorescent 
maxima of the 5-OH indoles is well laiown, Udenfriend, Weissbach 
and Clark (l955) showed that in neatral or slightly acid 
solutions, the 5-OE indoles fluoresce maximally at 330 myi/ (this 
is the figure given by the authors), with the addition of HCl a 
new fluorescent peak appears at 550 mfj. With one exception, 
within the range of pH values and compounds given in this paper, 
this effect does not occur. However, the fluorescent maxima of 
tryptophan above pH 10 does shift 5 mfj to 360 mfJ, This effect 
has been noted by Gaily and Edelman (1962).
The second effect of change in pH is to alter the 
fluorescent intensity of a compound at the same concentrations. 
FIGURES 6-9 give graphs of the change in fluorescent intensity 
in arbituary units against pH, for a number of the compounds 
examined. The maximum fluorescence of the compound over the 
pH range is given as a 100 and other figures are relative to 
this value.
The possible effects of individual components of 
buffer systems on the fluorescent have been considered. The 
effects of electron donating or electron accepting ions in 
Quenching fluorescent organic molecules is discussed by Bowen and 
Wokes (1953). With two exceptions the fluorescent intensity
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FIGURE 6. The effect of pH on the fluorescent intensity of some 
indole derivatives.
#  indole-3-acetic acid
O indole->-lactic acid
A indole-3-carboxylic acid
A  indole-2-carboxylic acid
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FIGURE 7. The effect of pH on the fluorescent intensity of some 
indole derivatives.
#  indole-3-acetonitrile
Q indole-3-acetyl glycine 
A tryptamine
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FIGURE 8 , The effect of pH on the fluorescent intensity of some 
indole derivatives.
■  tryptophan 
0 N methyl tryptophan 
N acetyl tryptophan.
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FIGURE 9, The effect of pH on the fluorescent intensity of some 
indole derivatives.
#  5-OH tryptamine 
0  5-CH indole-3-acetic acid 
A  5-rOH tryptophan
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/pH curves show no major discontinuities that might he related 
to the type of buffer used. The 5-OH indoles. (FIGURE 9) and 
indole-2-carbo3ylio acid (FIGURE 6) are exceptions, the former 
show a major discontinuity from pS 8.0 - 8.93 and the latter 
from pH 12.1 — 13.2, both associated with chanyes in the type 
of buffer. Measurements were made from pH 9,2d - 12.38 using 
a borate/UaOH buffer. Unfortunately, there was not enough 
indole-2-carboxylid acid to do this further investigation. It 
was however done with 5-OE indole acetic acid and tryptophan, 
these results were the same as those obtained with the glycine/ 
HaCl/lIaOH buffer (figures for these results can be found in 
Table 2 of Appendix l). However, studies in be presented later 
in section (i) show that the citrate/phosphate buffer does have 
an effect on hydroxyl at ed compounds such as 5-OH indoles which 
is not only an. effect of changing pH.
(h) Ebert's technique investigated
As mentioned in the introduction, Ebert (1955) 
described a method for forming a fluorescent derivative of lAA. 
He sa.ys that this method proves to be sensitive in the detection 
of lAA. As will be described in the work on the detection of 
DOPA, the production of a fluorescent product more hi^ly 
fluorescent than the original compound can prove to be of great 
value. Ebert (1955) seems to have been under the impression 
thaflAA was not fluorescent at the necessary dilutions". This
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is probably a result of the different instrumentation
available to him a,t that time. It was however'decided to 
investigate this method careful].y to see if a more fluorescent 
product could be formed. Ebert’s technique is as follows:- 
"To 10 ml. of aqueous lAA solution in a concentration of 0.2 to 
12. s ^ grm/ml. (l used 5 .5 ^g^m/ml), 2 ml. of m/2 0 copper 
sulphate solution is added and then 5 ml. conc. E^SO (Ebert 
reports different results with different grades of sulphuric 
acid. I used Analar grade, Hopkins and Williams, d 1.84, he 
attributes the differences to impurities in the solution, which 
makes the test re,ther difficUlfix) repeat) is added in such a way 
that good mixing takes place. The mixture is heated for 5 
minutes in boiling water, cooled for 3 minutes under rrunning 
tap water and allowed to stand in the dark until room 
temperature is reached".
TASTE 2. shows the composition of the solutions 
tried, solution 1. is lAA along, solution 2. is the reaction 
mixture as described above. Blanks were performed for all foui 
solutions minus lAA., and no significant fluorescence was found.
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TABLE 2. Composition of solutions, color Before and after Boiling
and the fluorescent intensity of the lAJi. and the reaction 
■nroduct
Soln.
Fo.
CuSO,
4
H^SO^ B_A
Color of
before
boiling
solutions
after
boiling
Fluorescence in A' 
after boi
indole-3-acetic 
acid **
rbitra.ry Units 
ling -X-
Reaction 
product ***
1. 4- clear clear 30 -
2. + 4- 4- pink pink- - 5.4
3., + - 4- pale
blue
pale
blue
12.6 -
4.
I
4-
________________
4- clear
1
1
pale
pink
— 1.6
f dash means no significant reading.
if-* indole-3-acetic acid, active ^  max 28$ fluor A max 365 
*** Reaction product, activ A  max 395 fluor X  max 485 
(activ A. min. 340)
It can he seen that the reaction product is formed 
both in the presence and absence of CuSO^, but that its formation 
is enhanced by the presence of CuSO^. The reaction product is, 
however, nearly six times less fluorescent than the original 
solution of LU. The fluorescence of the IM. was unchanged by 
boiling. Its fluorescence in the presence of conc.H^SG^ is
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destroyed and diminished in the presence of Cu.SO^ . This latter 
effect could he a combination of three factors, effect of CuSO
4
on the pE of the solution, lAA acting as a chelating agent which 
may reduce its fluorescence and thirdly, and exerting the largest
effect the fact that GuSO has a strong absorption band at the 
same wavelength as the excitation maxima of IM,
The claim for an increased sensitivity of detection 
probably arises from the different spectral response character- 
istics of the fluorimeter employed by Ebert (l955). He used a 
humetron 402 E.
The excitation and fluorescent spectrum character­
istics of the reaction product made measurements on the humetron 
Colorimeter Model E of the Photovolt Corporation, Hew York, more 
sensitive than the measurements of the fluorescence of the 
untreated lAA. The experiment above has shoT^ m the derivative to
have an excitation spectrum with a minor peak at 340 m^and a 
major peak at 395 m^ and a fluorescent spectrum with a single 
peek at 485 m p  The mercury vapor lamp used in the humetron 
Colorimeter emits little light below 300 mft, the emission spectrum 
having peaks at 313 mju (minor) and 366, 405 and 436 rnju^ These 
peaks are nearer the excitation maxima of the rea.ction product, 
(340 and 390 mjj), than that of I M  at 285 Similarly, the
relative spectral sensitivity of the photocell (barrier layer 
type) in the humetron Colorimeter at the fluorescent maxn-ma of
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IPA (365 Ta fi) is 2)2% whereas at the fluorescent maxima of the 
reaction product (485 mju) it is 9^ %o,
(i) Characteristics of non-indole compounds
The fact that the fluorescence/pE curve of the 
5-OH indoles showed such large discontinuities (see FIGURE 9) 
between the phosphate/citrate buffer made it important to examine 
other compounds containing a -OH group on an aromatic ring. 
Studies of the effect of pH on the fluorescence of Tyrosine end 
Phenol are seen in FIGURES 10 and 11 respectively. As with the 
5-OH indoles there exists this major discontinuity in the cui-ve 
at the point of change of buffer between pH 8 and 9* White 
(1959) and Gaily and Edelman (1962) have studied the effect of 
pH on the fluorescence of tyrosine, titrating the samples with 
acid or alkali to obtain pH value. They obtain a cuive with no 
discontinuity between pH 8 and 9* It would appear that there 
is therefore some specific reaction between the phosphate ions of 
the buffer which are increasing over this range, and the -OH 
groups^ perhaps involving the abstraction of a proton, as these 
phenolic compounds are not fluorescent when ionised. It will 
be noted that the two buffers covering the pH Q-ll range give 
different results, as reported earlier they give the same result 
with tryptophan and 5-OH lA/l.
These interactions may prove of value for 
identification purposes when the characteristics of more Imown
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H
FIGURE 10. The effect of pH on the fluorescent intensity of Tyrosine.
(excitation max. 280 mp, fluorescent max. 345 mp .
O  pH 0.1-1.0 HgSO^
#  pH 2.2-8,0 phosphate/citrate buffer 
A  pH 8.93-11.07 glycine/KaCl/NaOH buffer 
X pH 9.25-11.08 borate/NaOH buffer.)
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FIGURE II. The effect of pH on the fluorescent intensity of Phenol.
(excitation max. 270 mu, fluorescence max. 340 mu.
C pH 0.1-1.0 H^SO^
• pH 2.2-8.0 phospate/citrate buffer 
A  pH 8.93-11.07 glycine/NaCl/lIaCH buffer 
y  pH 9.25-11.08 borate/NaOH buffer.)
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compoimds are kno-wn under accurately defined conditions. DOPA 
has heen examined carefully and shows very specific reactions 
between with different buffers, these results are given in 
Chapter 3.
(j) Discussion of the fluorescent properties of indoles 
and its relationship with molecular structure
(a) Effects ofpH on fluorescent intensity 
The indole compounds that we have exa.mined are ,
ionizable and exist in aqueous solution in various stages of dis­
sociation depending upon the hydrogen ion concentration. Williams 
(1959) has discussed the relationship between molecular structure 
and fluorescent intensity of molecules of biological importance. 
These relationships for indole compounds have been discussed by 
Udenfriend ej^  a3^  (1955)? White (1959) and Van Duuren (196I) among 
others.
The ionizable groups in the compounds exemined are 
the imino nitrogen of the pi/rrole ring, and groups at the 2, 3 and 
5 positions. FIGURE llgives the generalised pU/fluorescent 
intensity curves for the compounds substituted at the 3—position.
Van Duuren (I961) has suggested that when the imino 
group is protonsted as in the indole cation aromaticity is 
destroyed and fluorescence lost, (Points A and A^, FIGURE 1^
Tbe substantial fluorescence of the 5-OH substituted indoles at 
pH 0.1 suggests some effect on cation formation in these compounds, 
FIGURE 9). White (1959) states that at alkaline pH*s the
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quenching of fluorescence is a particular case, probably 
involving the transfer of from the imino nitrogen of the 
excited molecule to the solvent 0H~ ions (point F, FIGURE 12).
It is of diagnostic interest that Uhite further reports t 
that when the imino nitrogen is methylated - quenching does not 
occur in NaOH solution, pointing to the necessity of a mobile 
H ion for operation of this quenching mechanism. The high 
fluorescence of indole-2-carbo]griic acid at pH 13 may suggest 
an interaction between the dissociated carboxylic group and the 
imino group at these pH’s (FIGURE 6).
When the group at the 3-position is electron with­
drawing the fluorescent intensity is reduced, when it is electron 
donating the fluorescence is enhanced. Van Duuren (196I) 
discussing the lack of fluorescence of 3-acetyl indole, suggests 
that it is reasonable that the electron withdrawing carbonyl 
group would tend to localise the unsha.red electrons of 
the imino nitrogen on the carbonyl oxygenj such electron with­
drawal essentially destroying the aromatioity of the indole 
nucleus and hence no fluorescence is observed. have exa,mined
indole-3-acetaldehyde, indole-3-aldehyde and indole-3-acrylic 
acid, all with strong electron withdrawing groups in the 3-position, 
the lack of fluorescence in these compounds can be explained in
a similar manner as above.
The carboxylic group at low pH values is undis-
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sociated and electron withdrawing and as such can he expected 
to contribute to a loss of fluorescence at low pH values. This 
effect is shown in the carboxylic acids examined, (FIGURE 6 and 
in FIGURE 12 on cuinres 3 and 4 from C-^A -of As the
carboxylic group dissociates the fluorescent intensity is 
enhanced- It might be expected that the pH a.t which fluorescence 
was of the maximum intensity (when the acid is fully 
dissociated) would correspond to the pK of the carboxyl group. 
TABLE 3 below gives data for the acids examined and tryptophan, 
together with the pK’S of the -COOH group.
TABLE 3. Bata for pK's of -COOH groups and pH of 50^ 
max fluorescence,for some indole compounds.
j -| ! 
pK“'
i' i
pH of 50^ max.Fluor.
i 1
i Indole-2-carboxylic acid
i
I 3.7 1 
i 1
i 4 .8
i! 1 j Indole-3-acetic acid 4.7 1
1 ! 3 .9
1 Ihdole-3-propionic acid 4.9
1!
1 Indole-3-butyric acid
1
4.8 j 3.8
j
I Indole-3-lactic acid 3.9 3.5
!
Tryptophan 2.4 1
I
2 .4
1. Guern (1959)
With the exception of tryptophan there is no clear correlation.
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A comparison of cirrves 3 and A (FIGURE 12) show the significant 
change that occurs with the substitution of a methyl group 
between the carboxylic group and the indole ring. White (1939) 
envisages the quenching mechanism of the carboxylic group as a 
non-collisional process involving the transfer of by the C00~ 
group from the solution to the vicinity of the excited chromaphore, 
this fits the observation that quenching is greater when the -COOH 
groups adjoin the indole ring and is more effective in the transfer
-f.
of H from the solution.
The differences between cui^æs 1 and 2 (FIGURE 12) 
are not very great, compounds in this group range from indole m t h  
no side chain at the three position to the side chains of the 
acetyl ,amino acids and amides. , Curve 5 (FIGURE 12) is charater­
istic of tryptophan end the different positions marked have been 
s.scribed to the different states of the molecules, (a ) thus
form (G) COO"/hH^'^ (H-D) transition to GOO~/m^ (D-F) 
quenching by abstraction of a proton in excited state, mentioned 
previously, (Heaven I962, after White 1959)* The effect of
acétylation of the amino group in trjrptophan is reflected in a
change from curve type 5 to curve tjppe 2 (FIGURE 12).
Hot shoTO in FIGURE 11 are the 5-OH derivatives of
indole acetic acid, tryptamine and tryptophan (see FIGURE 9)»
These compounds each have distinctive curves, the features of 
diagnostic importance being the ability of these compounds to
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fluoresce at pE 0.1 (mentioned previously) and the lack of 
fluorescence at pH’s greater than pH 12.0 this loss of 
fluorescence is probably associated with the ionisation of the 
5-OH group at approximately pH 10.0.
(h) Classification for separation on fluorescent 
properties
In TABLE 1.a separation of the compounds investigated 
was made on the basis of excitation and fluorescent maxima, By 
using this data in conjunction m t h  the ElCURES 6-9 ^giving the 
pH/fluorescent intensity relationships, further separations can 
be made. For instance, tryptophan and H-methyl tryptophan can 
be separated from other compounds in their group in Table 1.
FIGURE 9 shows that 5-OS tryptophan and 5-OH trypt amine can be 
distinguished. The discussion given in the section above 
enables one to make suggestions as to the structure of an unknot-m 
compound which was suspected to be an indole compound on other 
evidence, given its pH/fluorescent intensity curves.
In addition of course, specific separation 
techniques of solvent partition, paper chromatography and electro­
phoresis, and ion exchange celluloses, to be described later in 
this chapter will separate compounds mthin the groups described 
above prior to fluorescent investigation. Then the use of two 
analysis techniques conjointly, such as bioassay and fluorimetry 
will give valuable information as to the nature of a compound.
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2. Bioassay Methods
(a) Introduction
The hioassay methods used in this study are the 
Avena straight growth test, Kefford (1955), hitsch and Hitsch 
(1956), and the Avena internode test, Hitsch and Hitsch (I956), 
Hirsch (1956). As they are used in this study they are sub­
stantially the same as when originally described. The Avena 
internode test is approximately ten times more sensitive in 
response to indole-3-acetic acid than the Aveng strai^t groifth 
test. It will be seen from results to be presented later in this 
thesis that it does not follow that the internode test is always 
the more sensitive test.
Using the above tests has the great advantage that 
the activity of compounds that are known or likely to occur 
naturally have been extensively studied. For the Avena straight 
growth test, Hitsch (l95&) studied indole-3-acetic acid and its 
ethyl ester and indole-3-acetonitrile, Hitsch and Hitsch (1957) 
urea and some of its derivatives, Bentley ^  al (1956) indole-3- 
pyruvic acid. Using the Avena internode test, Hitsch (1956) 
studied the activity of indole-3-acetic acid, its ethyl ester and 
the acetonitrile. Gander and Hitsch (1959) some derivatives of 
phenyl acetic acid and gibbenelin X, Hitsch and Hitsch (1958) and 
Nitsch and Hitsch (196O) some indole derivatives, and recently 
Hitsch and Hitsch ( 1962a) have studied the activities of nine
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gibberellins. This list is not intended to he in any way fully,
comprehensive.
In addition, the modifying effects of compounds on 
the indoIe-3-acetic acid and trytophan induced elongation of the 
Avena internode have been investigated, Hitsch and Hitsch (1959) 
studied the interactions with derivatives of chlorogenic acid, 
Eanderson and Hitsch (1962) the effects of phenolic acids and 
Hitsch and Hitsch (1962b) the effects of phenols, flavanols and 
anthocyanins, and Hitsch and Hitsch (I96I) the interactions of 
indole-3-acetic acid and gibberellins. The importance of these 
studies would be apparent when two compounds at the same Rf 
produced an interaction response that was different from that 
produced by the individual compounds. Aspects of the bioassay 
of paper chromatograms has been discussed previously on page 3^ 
and details of the method are given in section (f) following.
(b) Growth of plant material
Avena straight growth test. Avena sativa var.
Victory I from Svalof, seeds were soaked in tap water for two
hours in complete darkness. The seeds were sown in moist, washed
and sterilised sand contained in glass half bricks. The seeds
were covered with a thin layer of moist sand and an inverted half brick
placed on top to reduce evaporation. These operations were
carried out under subdued lighting conditions. The seedlings
were grom in complete darkness a,t 25° G. for 72 hours.
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Avena internode test. Avena sativa var. Blender 
seeds were used, the material was gromi as for the Aveng, straight 
growth test except that eighteen hours "before harvesting, the 
seedlings were exposed to red light for six hours. The red 
light was 60 cms. above the plants and was provided by two 
Philips red fluorescent tubes. The inverted glass half bricks 
were removed for this purpose, the seedlings were li^tly sprayed 
with water after the treatment and the half bricks replaced.
This procedure reduced mesocotyl (first internode) elongation 
and promoted coleoptile growth as compared with seedlings groim 
in continuous darkness.
(c) Preparation of solutions for calibration curves 
When a bioassay was performed, solutions of known 
concentrations of indole-3-acetic acid were normally included.
An aqueous solution was prepared, (l x 10  ^M) by dissolving 
0.0175 grm indole-3-acetic acid in O .5 ml. redistilled methanol 
and making up to 100 ml. with water. The stock solution was 
also prepared by dissolving the indole-3-acetic acid in 1 .0 ml.
0.1 H. HaOH adding 45 ml. of water, neutralising with 1.0 ml. 0.1 
H.HGl. and making up the volume with water. As previously found 
by Most (1962) no difference in growth promoting properties were 
found between these two methods. In this connection Bentley et 
al (1956) comments that low concentrations of ethanol have no 
effect on the bioassay. Stock solutions of indole-3-acetonitrile.
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BL. and L, tryptophan were also used on occasions. From 
these stock solutions dilutions were made into the sucrose/ 
phosphate/citrate buffer.
(d) Avena internode test
The technique used was based on the method described 
by Hitsch and Hitsch (1956). The cutter comprised two Burham 
Buplex blades with a perspex spacer separating the blades 
(figure 13). The blades and spacer were bolted to an aluminium 
holder. The two parallel blades cut sections 3.00 mm. in length. 
Tlie cutter was used in conjunction with a perspex guide grooved 
on two faces (FIGURE 13).
Whatman Ho. 1 filter paper, 18,5 cm. diameter, was 
folded around a used clean dry photographic quarter plate. Two 
fine pencil lines A and B are drawn 2,00 mm. apart, parallel to 
each other and to the main axis of the plate (FIGURE 13). Tvio 
further lines, C and B are drawn at right angles to these and 
the width of the cutter apart. The first internodes, that were 
20-23 cms. long at the time of sectioning, were arranged with 
their nodes on Line A and between lines G and B (FIGURE 13). The 
guide was arranged along line B and straddling the internodes.
The cutter was placed against the face of the guide along line B 
and the sections cut with a downward slicing motion. The 
technique gave sections 3-00 mm. in length and cut 2.00 mm. from 
the node. Thirty sections were cut at each stroke and a
S5
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cutting: rate of 2^0 sections per hour was achieved. The first 
internode sections were sosJced for one hour on muslin stretched 
over glass distilled water in a heaker^ care heing taken to 
ensure that the sections were not fully immersed. After 
soaking,the sections were distributed randomly into vials. All 
the operations described above were done sunder a Kodak Safe- 
light with a Wratten O.A, yellow green filter covering a 60 watt 
buJ-b.
(e) Avena straight growth test
The technique used was based on that described by 
Kitsch and Kitsch (IQ56). In this test the two pencil lines A 
and B were dra>m on the filter paper (described above) 3.00 mm; 
apart. The coleoptiles that were 20-25 cms. at the time of 
cutting? were placed at right angles to the parallel lines and 
with the tips just touching line A (PIGIIRE 13). The perspex 
guide was placed along line B and the sections cut. This 
resulted in 3.00 mm. coleoptile sections cut 3.00 mm. from the 
tip of the coleoptile. The sections were soaked for one hour 
as described for the Avena. internode test. As for the Avena 
internode test all operations described were performed under 
green light as specified.
(f) Conditions of growth of the sections and assay of 
paoer chromatograms
The straight gro^rth test and internode test >were
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done in cylindrical glass vials 2*5 cm, in diameter and 2.5 cm. 
in depth. The chromatogram sections were eluted in a buffer 
of pH 5.0 the composition being as follows;
—9
dipotassiujn hydrogen phosphate 1.0 x 10 II.
■ citrio s,oid 0,5 x
sucrose 2^
The chromâtogi'am prepared as described in Chapter 2? section B 
(5) was divided into 20 equal parts corresponding to 20 half Rf 
segments. In addition two half Rf segments before the starting 
line were often assayed to include the spread of the starting 
line of the heairily loaded chromatograms during equilibration. 
Ea.ch half Rf segment was shredded into a vial and T ml. of the 
buffer described above was added to each Trial. For each assay 
ten Trj.als were used as controls and Trials with a known, amount of 
indole-3-acetic acid in were used to obtain a measure of the
sensitivity of the assay material. To these control vials was
added shredded paper? 1.25 cm. x 2.00 cm. of washed? 3 mm. 
Whatmans. This is the same amount of paper involved in the 
assay of a half Rf segment of a 2.00 cm. wide chromatogram 25 
cms. long.
On a few occasions? bioassay was performed on 
fractions from the fraction collector? these fractions 2.5 i^ l^* 
were buffered to the same concentration with 0,5 ml. of con­
centrated buffer solution.
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The coleoptile or internode sections, five were
normally used or occasionally ten, were added to each vial,
approxj.mately three hours after the paper and buffer solution.
The vials were stoppered with corks, each cork having a hole in
the centre loosely plugged with cotton wool. The vials were
rocked on a shaker, two to three shakes per second in complete
darkness at 25°C. for twenty hours.
' (g) Measurement of sections, statistical analysis and 
presentation of results
The growth of the sections was recorded photograph­
ically. The sections from each vial were arranged in rows on a 
clean glass plate, quarter plate size. The glass plates were 
placed in the negative carrier of a photographic enlarger.
Shadow graphs enlarged four times on photographic paper were made
of the sections. The total length of the sections from each 
vial was measured to the nearest 0.5 mm.
The growth of the sections was expressed as a 
percentage of the gro-wth of the controls.
i.e. total section growth in assay vial
 —— — --------------------------------------------------------------------- X  100.
mean of total section growth in the control vials
It has been stated that ten control vials were incorporated in 
every assay, these control vials contained the sections, blank 
paper and the buffer solution. The growth of sections in each
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of these vials was determined end the average of these taken 
as the control level of growth. The significance of the 
results on unknown material was tested hy determining the 
standard deviation of the results from the ten control vials, 
according to the formulae,
S.D. =
n - 1
where x = grand mean of all ten vials.
X = mean groTfth of sections in each vial, 
n = number of control vials.
Fiducial limits i.e., twice the standard deviation expressed as 
a percentage of x, were taken as the limits of significance.
Mean section lengths differing from x by greater than twice the 
standard deviation are significant at the 0 .05 probability level.
The results are then plotted as histograms each 
block representing a vial, significant areas of each block are 
filled in black so that at a glance, areas of growth promotion and 
inhibition on a histogram of a bioassay of a paper chromatogram 
can be seen.
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3. Chemical Determination
(a) Introduction
There has been a great increase in the number of 
chemical reagents for detecting compounds on paper chromatograms 
over the past few years. This fact, combined with a greater 
knowledge of the specificity and sensitivity of these reagents, 
is making their use increasingly profitable. In this present 
study we have been concerned to detect small amount of indoles, 
amino acids, sugars, organic acids and phenolic compounds. 
Descriptions of the uses of these chemical reagents, of the 
detection of compounds by their fluorescence on paper and of the 
technique of multiple dipping for the identification of multi­
functional molecules given below.
(b) Specific Color Tests
The details of the preparation end use of the 
reagents is given in APPEKDIX 2. The specific uses of each test 
are described below and points of special interest noted.
KIKHTDRIK Smith (I96O) states that all compounds 
containing a primary or secondary amino group attached to an 
aliphatic carbon react to give purples, but with a few exceptions. 
Exceptions of interest are, Proline (yellow). Asparagine (brown) 
and a, compound recently isolated from Vicia sativa, by Ratzin 
end Ressler (1962) cyano alanine, which gives a green-blue color, 
Further ninhydrin colors with new so-called non protein amino
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acids recently isolated from plant som ces have "been listed hy 
Fowden (1959) and Fowden and Gray (1962).
EHRLICH REAGEKT This is the most useful of the 
general tests for indolic compounds, the variations in color and 
rate of development of color^ help in the identification of 
specific structujres. The usual color with Tryptophan is some 
shade of purple, substitution of -OH or -OR at position 5 changes 
it to blue and substitution at the 6 position changes the Ehrlich 
color to blue-green appearing immediately. lAA. and related 
acids give pinkish purple spots. Jepson ejb al (1962) gives 
the specific Ehrlich colors for Tryptamine substituted with an 
-OH in the 6 and 7 positions and for lAA substituted in the 5? 6 
or 7 positions with an -OH group. Stowe and Thiamann (1954) 
give data for 35 indole compounds.
The Ehrlich reagent can readily detect as little 
as 1 jUgrm. of IM. It is not absolutely specific for the indole 
nucleus and even red or blue colors cannot be attributed to 
indoles without question. Indoles bearing a double bonded 
carbon substituent àt the 3 position react atypically with 
Ehrlich, indole-3-carboxy1ic acid (very slow red), indole-3- 
carboxamide (yellow) and indole—3—acrylic acid (bro>7n to green). 
Lightly substituted pyrroles give red or cerise colors.
Aromatic amines and carbamoyl compounds produce yellow or orange 
colors with varying speeds of development.
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MODIFIED EHRLICH REAGEKT Earley-Mason and Archer 
(195S) report this reagent to he ten times more sensitive in 
the detection of Indole and Tryptophan than the standard Ehrlich 
reagent. It is however, less selective. Colors reported are 
as follows:- Indole (dark green), 2-methyl Indole (khaki).
Skat ole (violet). Tryptophan and LAA (purple) and 5-OH 
Tryptamine (blue). It reacts with certain indoles which do not 
react with Ehrlich reagent, e.g. pfp dimethyl Tryptamine gives 
[blue-purple and it differentiates amides, e.g. urea (slow pink) 
and citrulline does not react. Larsen and Aasheim (1959) have 
used this reagent in their work on Pisum and Brassica extracts.
XAETHYDROL REAGEHT This is a useful test for 
indole compounds giving pinkish purple colors m t h  LAA and 
Tryptophan and blue colors with 5-OH derivatives. The products 
of the ring cleavage of Tryptophan, Xanthurenic acid, Kunurenine 
and Kinurenic acid do not react. Some phenolic acids and 
pyrolles also react.
ACIDIC OXIDISIKG REAGEHT (Modified Salkowski). lAA. 
gives a pink color, the test is as sensitive as the Ehrlich test. 
Compounds that give IJA on acid hydrolysis, like amides and 
esters give a. slower pinlo color, indolyl acetyl, derivatives of 
amino acids give slowly developing purple colors. Other indoles 
including Tryptophan and Tryptamine give only slow yellow colors.
SPECIFIC TEST FOR 6-Hydro3y Indoles Indoles with
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a 6-hydro3y or 6-alkoxy substituent react immediately and 
specifically with diazonium salts in strong acid to give 
brilliant red colors.
KIKHYI)R1N'--ACBTIC ACID Mention is made of this 
test in the section on fluorescent tests on paper. Jepson 
(i960) states that a strongly positive reaction specifically 
indicates a compound with a tryptamine structure, not more sub­
stituted than.
Co
H
C R R —  CHft,
I
R-l cannot be -COOÏÏ (tryptophan) but tryptephanol R^  = CH^OH 
reacts. Other parts of the structure being equal, tryptamines,
K alkyl tryptamines and K:K dialkyl tryptamines which react 
similarly with Ehrlich reagent can be distinguished by this test, 
-tryptamines (KH^) strong visible color and strong uv. fluorescence.
-K'-alkyl tryptamines (KHR) strong visible color but little fluorescence 
-K;K dialkyl tryptamine (KRR) no visible color, no fluorescence.
Ko fluorescence is given by tryptophan at any concentration.
Furthermore, the purple ninhydrin color or any other amino acid 
m i l  not obscure the characteristic fluorescence of much smaller 
amount of t ryot amine s. More than 100 amines, indoles and amino 
acids have been tested and none give this characteristic reaction.
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Jepson and Stevens (1953),
DKPH REAGEKT (2:4 dinitro-phenyl hydrazine) Indole-3- 
aldehyde and acetaldehyde which react very poorly with general 
indole reagents, give an immediate red hroTzn with this reagent.
Other carbonyl containing indoles react more slowly to give broTjn 
or yellow colors.
BEKZIDIUE REAGEKT Kot used very much because of its 
highly carcinogenic nature. It reacts m t h  almost all sugars to 
give brown yellow spots on a yellow background,
SILVER KITRATE REAGENT It was useful for determining 
the R^ values of knom sugar compounds. It is also useful in a 
general way for detecting areas of reducing compounds. Buch, 
Montgomery and Porter (1952) have used it to detect organic acids, 
most acids give yellow colors but ascorbic acid (black) citric 
acid (pinlc) and malic acid (gray) are useful exceptions.
P-ANISIBINB REAGENT used for the detection of 
sugars, which give brown or yellow colors on a white background.
AMM0N1UÎ»! VANADATE REAGENT Buch, Montgomery and 
Porter (1952) found that most organic acids gave yellow colors 
fading to gray. Tr-ro useful exceptions are ascorbic acid (blue- 
gray to gray after twenty hours) and tartaric acid (permanent red).
ESRRIC CHLORIDE REAGENT Many hydroxy acids give 
yellow or brown colors, it is not however a very sensitive test. 
Phenyl pyruvic acid and the 3,4 dihydroxyphenolic acids yield
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green colors5 other colors are red, hrown or purple. DOPA 
a.lso gives an immediate green color with this reagent.
SULPHANILIC ACID (Pauly) REAGENT was used to 
detect phenolic acids, monohydroxy acids are more reactive than 
dihydroxy compounds. This reagent also gives red-hrown colors 
with imidazoles.
NITRAÜILINE REAGENT this reagent is slightly more 
sensitive than the Pauly reagent. Bray, Thorpe and Nhite (l950) 
give colors for reactions with phenolic acids.
(c) Fluorescent tests on paper
A strip of each chromatogram was examined under a 
uv. lamp (Woods Glass), the fluorescent and strongly absorbing 
areas were marked. The paper itself is slightly fluorescent and 
many non fluorescent compounds even in minute quantities, inhibit 
the fluorescence and show as dark spots. The chromatogram was 
also fumed with ammonia and changes in the color and intensity of 
fluorescence recorded. The chromatograms were examined after 
certain reagents had been applied, to detect fluorescent reaction 
products. Particularly after the use of the ninhydrin-acetic 
reagent, where the reaction from tryptamines is thought to be a 
highly fluorescent dihydro-jî-carboline, Jepson (1958). It this 
reaction is carried out in solution, no fluorescence appears.
The indoles themselves, contrary to many reports, are not very 
fluorescent on paper.
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It seems that certain compounds need an appropriate 
absorbent for the fluorescence to show and that with others the 
fluorescence is reduced on absorption# Hie examination of 
chromatograms under uv. light, before and after chemical treat­
ment is useful but the results need careful interpreta.tion.
Linser and Kiermayer (1956) record the fluorescence of indole 
compounds after chemical treatment on paper.
(d) Technique of multiple dipping
Jepson and Smith (1953) describe the technique of 
dipping a chromatogram, first into one reagent and recording the 
reactive zones on tracing paper and then dipping it in a further 
reagent. The dipping sequence - NINHTDRIN followed by EHRLICH 
followed by SULPHANILIC ACID was used. Tlie strong acid in the 
Ehrlich reagent "rubs out" previous ninhydrin colors. After the 
Ehrlich colors have been recorded the chromatogram was dipped in 
sulphanilic acid. No apparent lost of sensitivity was noticed 
and the method was useful for speedy preliminary examination and 
detection of compounds with multi-functional groups.
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4- Ultra violet suectroscopy
(a) Introduction
Hie use of the ultra violet spectra of a' compound 
to show something of the chemical grouping of that compound has 
been very widely used. Hie use of this technique for the 
identification of indole compounds is common. I used the book 
by Beaven, Johnson,¥illis and Miller (I96I) as a reference 
source to all aspects of molecular spectroscopy.
In this study, ultra violet spectra have been 
determined for two main reasons, firstly to detect compounds which 
absorb in the ultra violet but do not fluoresce in aqueous solution, 
such as indole-3-acrylic acid. It must be recognised that the 
order of sensitivity for indole compounds in this technique is 
quite low, for instance, lAA at 10 ^ M gives anlabsorbance reading 
of 0 .510 at 280 m whereas it can be seen from FIGURE 4 (cali­
bration curve of IAA) the fluorescence intensity would be so great 
as to require dilution before an accurate reading could be taken.
The second important use of ultra violet spectroscopy in this 
study is to measure the optical density of a solution at the 
excitation and fluorescent maxima of the compound under invest­
igation to determine the influence of possible impurities on the 
quantitative assay of the compound.
(b) Instrumentation and Presentation of results
All spectra presented in this work have been measured
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on a Hilger Watts IJvispekk instrument, (thanks are due to 
members of the Biochemistry Department, Bedford College, who 
showed me how to use this instrument), the solutions examined 
were all dissolved in phosphate/citrate buffer pH 7,0. The 
results are expressed in units of Absorbance, A, on the basis 
of recommendations published by the Joint Committee on 
Nomenclature in Applied Spectroscopy (l952), these units are the 
Optical Density units, OD. of older usage. The wavelength scale 
is in millimicrons.
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SECTION B . GROWTH OF PLANT MATERIAL. EXTRACTION AND 
PURIFICATION TECHNIQUES
The subsections of this section are m t h  the 
exception of the last section on Paper Electrophoresis, intended 
to represent a logj.cal sequence in the growing, harvesting, 
extraction, purification and separation of the endogenous aujd.ns 
of the plant material* That is to say extraction would normally 
be followed by solvent partition, by column chromatography and 
these two by paper chromatography*
1 * Growth of Plant Material
The roots of Broad beans. Vicia faba var. Carters 
Levi a. than were used for all extractions, the seeds were bought 
from Messrs. Carters Tested Seeds Ltd, The seeds were soaked 
in aerated running water in a plastic bowl for two to three days
t
depending on the time of year and the temperature of the tap water.
TyRien the seeds were turgid and the radicle shomng 
signs of growth, the seeds were planted radicle doi-jnwards in 
washed gravel shippings in a, bench tray 8* x 5* st heated 
greenhouse), at a depth of approximately half an inch. The seeds 
were 2" apart and in rows 2" apart. The seedlings were harvested 
after twelve days at time the cu'-ved plumule had appeared and the 
root system was well developed with extensive lateral roots.
CHfirrg to the extremely low temperatures of the winter 
1962/3 a polythene heading wire was placed for a period at the
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bottom of the tray under the gravel chirpings. The bed was 
washed and sifted after each harvest, and potassium permanganate 
solution poured on the gravel. After two hours the gravel was 
washed, the drainage of the tray allowing the permanganate to be 
washed- through. This washing was repeated twice on subsequent 
days before the next planting. This treatment resulted in good 
succesive harvests. Details of the harvest can be found in 
Appendix 4*
2. Extraction Procedure
(a) Introduction to choice of method
The extraction procedure can be divided for 
convenience of discussion into three parts, the treatment of the 
material prior to the introduction of the extractant, the choice 
of extractant and the separation of the extractant from the 
tissue and its reduction to a small volume. Nhen one extracts 
auxins from plant tissues, one wants the extraction to be as 
complete as possible. Nitsch (1956) says, "we want no more and 
no less than what is actually present in the tissue". In what 
form the auxin is present in the tissues, it is difficult to 
define, but it is clear that a good extraction procedure for 
examining the status quo of auxin content of a tissue is one which 
allows no chemical or enzymatic synthesis or destruction of auxins 
to take place. Recent work by Gmelin and. Virtanen (1960) (l96la)
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(1961Td) (discussed in Chapter l) on the extraction of compounds 
from Brassica species has served to strongly emphasise the 
importance of proper control of extraction conditions.
The suggested methods of treating tissue prior to 
extraction, are freeze drying of tissue, Linlc et a2 (l94l), van 
Overheek (1945) end Wildinan and Muir (1947)? heat drying, 
Gustafson (194I), Thiemann et el (1942) and Cooke (1954).
Thiamann and Skoog (I940), Bennet-Clark and Wheeler (1959) and 
Bennet-Clark, Younis and Esnault (1959) recommended hoiling of 
the tissues so as to destroy enzyme action. Link _et ^  (194I) 
showed, that auxin in frozen tissue was rapidJy destroyed if the 
tissue was thawed. Slow freezing at C. was used hy Lahiri 
(1959) and rapid freezing followed hy freeze drying was adopted 
hy Most (1962).
The choice of extraction solvent, temperature and 
length' of time of extraction is difficult, hut previous work is 
a useful guide. Various authors have show, that when ether is 
used as the extractant^ auxin can he generated from plant material 
over considerable periods of time. Wildman and Muir (1949) 
have shown that an increase in temperature stimulantes this auxin 
production. On the other hand, auxins may he destroyed during 
the homogenising of tissue, Tang and Bonner (1948), and other 
groups have shown that this is an enzymatic phenomena of an 
oxidative type* Witsch (195 )^ taking the extent of browning of
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tissues as an index of the oxidative activity at cut surfaces, 
showed that absolute methanol prevents broiming of tissues 
extracted for eighteen hours at 5 C,, he suggests that since 
methenol alone would stop browning, perhaps it would also stop 
enzymatic activity responsible for artefacts. There should be 
no danger of artefacts such as those arising from enzymatic 
estérification of H A  with methanol or ethanol, Witsch (1956) 
has shorn that such estérification does not proceed at an 
appreciable rate in vitro.
Eattori and Shiroya (1955) have shown working with 
leaves of Stizolobium Hassjoo a, twining annual plant of the 
Leguminosae, that the oxidation of BOPA by an oxidase enayme is 
the most likely cause of blackening of injured tissues. If 
fresh crushed roots of Vicia faba wenfleftsto -stand"in the ■ 
laboratory they soon became black. As in the cases discussed 
by Virtanen (1962) for Brassica species the substrate is made 
available to the enzyme during the crushing of the cells. As 
a black substance is formed from BOPA during non-enzymatic 
oxidation (see Chapter 3, section B (18)) it seems that having 
BOPA present in the tissues, as we have in Vicia faba roots, 
provides a built in indicator of the success or failure of the 
extraction technique to prevent enzymatic and chemical change in 
the tissues. In the method to be used no blackening of tissue 
was observed during the extraction.
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Vlitos and MeuW(l953) showed that Tryptophan 
could he converted into lAA in tissue extracts even at low
temperatures when water was added to the extractant ethanol.
The extraction solvent then should he free of water. Although 
one starts with absolute methanol, when extracting 500-2,000  
grms fresh weight of tissue it means inevitably that the 
extractant soon contadns an appreciable percentage of water.
The only way to overcome this would be to freeze dry the 
material and this was not practicable for the large bulk handled 
T'lith the facilities available.
A further consideration when fluorescent analysis 
of purified extracts was to be performed, was to prevent 
accumulation of artefacts due to the bulk of extractant employed. 
It was found reddstillihg thermethanol'freed it_ subs tan- k. r ■ 
tially from fluorescent impurities.
Before the solvent partition (see next section 3) 
is performed, the extractant methanol is separated by filtering 
end evaporated at low pressure leaving a gummy orange residue.
This stage, in my opinion, is the stage most likely to produce 
artefacts. It is also noted that, should the extractant methanol 
contain impurities likely to affect the bioassa.y or the 
fluorescent analysis, they are greatly concentrated at this stage. 
Since high temperatures accelerate the breakdom of labile com­
pounds, the temperature during flash evaporation is kept below
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26 C. During all other operations it is kept at or helow 0° C. 
All handling of extracts' at every sta,ge has heen done in diffuse 
light. Galston (1949) showed that solutions of lAA and other 
indole compounds were photooxidised in the presence of* riboflavin 
and Jerchel and Mi/ller- (l95l) reported that pigments in extracts 
could lead to the photolytio decomposition of LAA.
(b) Method employed in this Investigation
After taking into consideration the methods outlined 
above it was decided to use the procedure as follows. The beans 
were removed from the gravel bed and the roots washed free of 
gravel under running cold tap water; this resulted in a good clean 
root system. The roots were cut from the seedling and rapidly 
weighed to obtain a figure for the fresh weight of the harvest.
They were then placed in a pol^rkhene container which was surrounded 
by solid CO^ ice. A few seconds after being placed in the 
container they were completely frozen, a large lateral root would 
readily pierce an injudicious finger! The total number of beans 
harvested was counted and the average weight of the beans 
calculated. Details of the harvests can be found in the Appendix
4.
The frozen roots were crushed into small pieces T-jith 
a nestle and the frozen pieces blended with redistilled methanol 
in a Waring Blender (the methanol was previously cooled in the 
deep freeze). The total extraction mixture was placed in a
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stoppered conical flask, for 500 grms of root material a 1,000 
ml. of redistilled methanol was used. The flask was placed 
in the deep freeze and the extraction proceeds for eighteen 
hours at - 14° C.
After eighteen hours the plant tissue fragments were 
removed by filtering through a sintered glass filter and the 
residue was washed with a further quantity of redistilled 
methanol. The total filtrate is pale yellow in color. The 
methanol was then removed by vacuum evaporator, the temperature 
of the extract not exceeding 26° C. The liquid to be evaporated 
was placed in a 500 ml. flask which was steadily rotated in an 
electrically heated water bath, thermostatically regulated at 
26° G. Another flask which acts as a condenser rotated in an 
adjacent bath and was cooled by running tap water. Th.e flasks 
are evacuated by a water pump and the methanol removed. Large 
quantities of water or methanol were reduced to a small volume 
or to a gummy residue. This material was stored in the deep 
freeze box, all the operations described were performed in 
subdued light.
3. Solvent Partition
(a) Introduction
The separation of auxins by solvent partition has 
been used by many authors. Gordon and Eieva (l949) bave
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examined the extraction of IPA hy ether from water at different 
pH values. They find that a maxi.mum amount of LIA. is 
recovered in the ether phase when the water phase is adjusted 
to pH 3.0. Larsen (1955) studied the separation of acidic 
and non-acidic ether soluble 'auxins and found that if the 
bicarbonate fraction was acidified with tartaric acid to the pH 
required, a substance which reduces the response of Avena test 
plants to a given concentration of lAA.was •-praduced^  .He!:.'suggests that 
practically 100^ of the a^ oxin can be recovered in-the " 
ether fractions by three subsequent partitions between water and 
ether (l:l) at pH values between 2.5 and 4*7* Kefford (1959) 
outlines the scheme he has used to examine growth regulators in 
’Prenched’ Tobacco, the method used in this laboratory derived 
from these systems described.
It has been thought profitable to examine the 
partitioning of some indole compounds in the standard method 
employed in our laboratory. The use of the fluorimetric method 
analysis has made it possible to obtain figures for percentage 
recovery.
(b) Standard method employed in our laboratory
The method described below is the one used to 
examine the partition of known indole compounds. The material 
to be examined is prepared in 3 ml. of distilled water, solutions 
of 2 X lOL^ M- were used. This solution is then acidified to
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pH 3.0 with h/10 Phosphoric acid, using B.D.H. narrow range 
papers as an external indicator. This acidified solution is 
shaken with 15 ml. of redistilled ether in a stoppered bottle.
This is repeated four times, the shaking in each case being for 
fiiteen minutes. On each occasion the ether fractions are 
collected together. The water fraction remaining m i l  be 
referred to in future as the water soluble fraction. The ether 
fraction is then shaken for fifteen minutes with 15 ml. of 5^ 
Sodiim bicarbonate solution, this is repeated four times. This 
removes the ether soluble acid substances and the remaining ether 
is called the neutral ether fraction. The sodium bicarbonate 
is then acidified to pH 3.0 with 75/^  syrupy Phosphoric acid 
using H.D.H. narrow range papers as external indicators. Tlie 
solution is shaken four times with 15 ml. of ether for fifteen 
minutes. The ether fractions are collected and are known as 
the acid ether fraction. Both the acid and neutral ether 
fractions are dried over sodium sulphate overnight and evaporated
to dipmess under vacuum.
THien this method is being used for plant extracts 
and not for known compounds two things should be noted. Firstly, 
the initial amount of ether used in extraction of the water 
phase is less than amount described above, as the large volumes 
of water involved make five times the a%ount of ether impract­
icable. ' If possible twice to three times the amount of ether
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to water are used. Secondly, the water soluble fraction is 
taken to pH 7.0 with saturated Barium hydroxide and the 
resultant precipitate is spun down at 4?000 rpm. The surer— 
natant is golden yellow in color and is the water soluble 
fraction. The precipitate with a quantity of fatty material 
is discarded. ' This fatty material warrants further 
investigation.
(G) Investigation of the standard method
The fluorimetric method of detecting indole compounds 
described in this chapter under section A, (l) was used in this 
investigation. In order to calculate the percentage recovery 
of the original material in each fraction (water soluble, acid 
and neutral ether) it was necessary to measure all the final 
solutions as aqueous solutions and at a knovm pH value. The 
majority of the indole compounds being maximally fluorescent 
at pH 7.0. phosphate/citrate buffer at this pH was chosen.
 C
3 ml. of the original solution, 2.0 x 10  ^M. was 
used,. Therefore, to the tubes containing the acid and neutral 
ether soluble fractions 3 ml. of distilled water was added after 
the ether had been evaporated. These tubes were shaken 
vigorously. Then 0.25 ^3. measured by micropipette, wa,s 
removed from the 3 ml. of each aqueous solution, the original 
aqueous solution, the water soluble fraction and the acid and 
neutral ether fractions. Each 0.25 ml. was diluted by
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addition of 2.5 ml. of pE 7.0 buffer solution, the readings of 
fluorescent intensity were taken on these solutions. As the 
relationship of fluorescent intensity to concentration is linear 
at the concentrations used, calculations on these figures give 
the percentage recovery of the original amount.
(d) Results
The fractions in which the compounds partition and 
the percentage recovery of the compounds in those fractions is 
given in TABLE 4 on the next page. The blank reading of the 
buffer solution at the appropriate wavelengths expressed as a 
percentage of the fluorescent of the original solution diluted 
to 2.0 X 10~^ M. is taken as the maximum amount of that compound 
that might have been partitioned into a fraction without being 
detected. This fraction is less than 5^ in each case, for 
instance, it can be stated that if a compound is water soluble 
then there is less than 5^ of the original amount in the ether 
fractions, Tryptamine ECl less than 2.8^, 5-OH Tryptophan less 
than 2.5?^ , Tryptophan less than 5-0^. Similarly, if a compound 
is ether soluble then there is less than 1.9fo lAA, 2.5^ Indole- 
3-acetonitrile and less than 3.49^  Indole in the water soluble 
fraction.
It was realised after the completion of the 
experiment that it would have heen better to adjust the pH of 
the original 3 ml. solution to 7.0 and measure these, rather
108
TABLE d The partition of Indole compounds into Water 
soluble, Neutral and Acid Ether fractions. 
The figures a.re percentage recovery.
Water soluble Fraction [ Acid Ether fraction Neutral Ether fraction
Tryptamine HCl 95 Indole-3-carbo- 
1 xylic-acid 53
Indole
!
45
Indole acetyl-
asparagine 61
1 Indole-3-acetic- 
1 acid 46
Tryptophol -
Indole acetyl- 
glntamine 82
j
I Indole-3-butyric- 
j ' acid 40
Indole-3-aceto-
nitrile
!
;
DL Tryptophan
!t
77 1 Indole-3-propionic- 
1 acid 56*
3-Methyl Indole 43 1
i
i
j N-methyl Tryptophan 66 1 Indole-3-lactic
acid 38
•
1
1
j 5-OH Tryptophan
I
i
93 Indole-2-carbo-
xylic acid -
■j
1 5“0H Tryptamine 
1
83 5-OE Indole-3-
acetic acid 3.5
Gra.mine 78 N-acetyl
Tryptophan I4
i1
I
i Indole acetamide I8 Indole acetamide 25 1
* mean value of three experiments 57? 5^ ? 55*
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than do an approximately tenfold dilution in buffer solution and 
thus reduce the lower level of detection tenfold. It is easy 
to be wise after the event « The figure for percentage recovery 
of indole-2-carboxylic acid and Tryptophol are not given in 
TABLE 4 . The development of a fault in the evaporation 
apparatus accounts for their absence. They are, however, 
correctly assigned to acid and neutral ether fractions respectively,
(e) Discussion
The division of the indole compounds given in TABLE 
4 into water soluble, acid ether and neutral ether fractions 
follows that which might be expected from their chemical structures. 
Attention is drawn to the incomplete partition of Indole-3- 
acetamide between the neutral and acidic ether fractions, end to 
the solubility of N acetyl Trypophan in ether indicating the loss 
of the hydrophilic function of the amino group.
The percentage recovery overall, with the exception 
of the water soluble compounds, is extremely low. Possible 
reasons for such low recoveries are discussed below. The 
extremely low recovery figures for 5-OH indole-3-acetic acid 
(3.5/^ ) and N acetyl Tryptophan indicate some chemical breakdcvm, 
no fluorescent breakdown products were however detected. In the 
case of Skatole and Indole, the vole.tility of these compounds 
T^ill partially account for their loss, especially as ether 
solutions of these materials are evaporated under low pressure
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during the final estimation. The experiment was performed on 
three separate occasions for Indole-3-propionic acid and the 
percentage recoveries (57, 56, 55) showiverya little difference.
The main cause of loss of compounds would seem to he 
the number of operations involved in the separation. The higher 
recovery of water soluble compounds,where only one extraction 
step is involved supports this suggestion. During these 
partition experiments the solutions containing the ether soluble 
compounds come in contact with a very large surface area of 
glassware and perhaps much is lost through adsorption, this is 
perhaps particularly so during the evaporation of the ether.
This was done in glass stoppered tubes with side arms to the 
vacuum line, a certain amount of bumping occured during the 
evaporation. After this experiment all ether fractions were 
reduced on the rotatory flash evaporator. The types of flask 
used in the work were examined and it was decided to use large 
conical flasks where possible and to avoid the glass stoppered 
bottles which proved to be difficult to pour from. It is thought 
that while these details may appear trivial, perhaps insufficient 
attention has been paid to them in the past. Udenfriend (1962) 
has a good discussion of the problems of analysis in dj-lute 
solution, and there seeriBno doubt as to the great importance of
loss by adsorption onto surfaces.
It is probable that adsorption of compounds on the
Ill
anhydrous sodium sulphate used in drying the ether fractions
might account for some loss* This practice of drying ether 
with anhydrous sodium sulphate was discontinued in latter work 
and any water dissolved in the ether was frozen out at -14° C.
It is to he concluded that wherea.s the partition 
of the compounds is satisfactorily complete, the recovery of 
compounds in the ether fractions is far from satisfactory* An 
experiment was performed where an aqueous solution of lAA was 
extracted at pH 3.0 with ether and the amount of lAA recovered 
estimated without further separation into acidic and neutral 
fractions. The recovery of lAA in this case was 96^ 3 supporting 
the importance of the idea of limiting the number of operations 
to obtain a satisfactory recovery.
On the basis of these results it was decided that
for work on plant extracts the bicarbonate part of the separation
would not be used and that an alternative method for separating
the acid and neutral ether soluble auxins would be devised.
This method is described in the next section on column 
chromatography. The wa.ter soluble fraction is then,that part 
of the extract that has been extracted with ether at pH 3.0, 
neutralised with barium hydi^oxide, centrifuged and decanted 
from the resulting pellet. The whole ether fraction then 
contains the auxi.ns extractable from the aqueous phase at pH 
3 .0 bv shaking with diethyl ether.
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ù. Colimn Chômât o.g:'‘aph.y
(a) Introduction
Maiiy examples of the uses of column chromâtogrphy 
for the separation of organic compounds in plant extracts could 
he sited, hut the purpose of this introduction is not to give a 
comprehensive review of column chromatography, hut rather to 
mention examples of the use that has heen made of column 
chromatography for the separation of auxins in recent years. 
Bennet-Clark, Younis and Esnault (l959) used columns of potato 
starch to effect separations of auxin like compounds from hean 
root tissue, they stress the importance of this method for 
handling volatile active substances which might be lost in paper 
chromatography. Powell (1960) successfully used silica gel 
columns to separate a number of indole compounds and naturally 
occuring plant growth regulating compounds. Linser (1953),
Linser and Maschek(l953) and Linser, m y r  and Maschek (1954) 
have used columns of Aluminium oxide packed T^ rith alcohol and 
eluted with alkali, or alternatively extruded the column material 
and eluted sections individually. Beauchensne (1957) has used 
anion and cation exchange resins to separate groirth substances 
from extracts of immature maize seeds. Vi ru an en ejt ad (196I) 
used Amberlite IE-120 to investigate the possible occurence of 
amino acids and lAA in leafhopper salivary glands. Using 
Amberlite IE-120 in the H form and eluting with IQfjo alcohol after
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the sample had heen applied, Virtanen (1962) obtained 86-88^
recovery of synthetic LAA.
¥xy interest was focussed on cellulose powders and 
floes 8,s a result of the increasing availability of derivatives 
with good ion exchange capacities. It seems that little use of 
these materials has been made in the auxin field and this has 
been confirmed recently by a comprehensive bibliO;graphy on Ion 
exchange celluloses published by Calbiochem and Bio-Rad and 
compiled by Dr. Mary E. Carsten, in which no mention of indole 
compounds is to be found among 627 references.
The Cation exchange properties of cellulose it­
self were pointed out by Harrison (I912) who after passing HaCl 
through purified cotton found HCl in the eluate. It is now 
known that this is principally a result of the carbo:cyl group 
content of cellulose, which is weslvly acid but capable of 
functioning at pH 5.0. Further discussion of the ion exchange 
derivatives of cellulose is given in the next section.
(b) The use of Cellulose ion exchange derivatives for
the separation of indoles
It was decided to examine the ion exhange properties 
of cellulose itself, cellulose phosphate and DEAS cellulose in 
relation to the retention of indole derivatives. The material 
used in these studies wa,s in the powder form which gi.ves a. 
comparatively slow nmning speed. The same material was latei?
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used in floe form wMch gave a better running speed and had the 
same exchange properties.
The cellulose as mentioned in the previous section 
can be used as a wealc cation exchanger functioning at approx­
imately pH 5—8" Cellulose phospha.te is a cation exchanger which 
exhibits many of the phenomena characteristic of strongly acidic 
cation-exchange resins. In the acid form it is essentially 
cellulose dihydrogen phosphate, a bifunctional exchanger with 
significant although not ma,ximum exchange properties at pH 5 - 7. 
It has good exchange properties at pH values as low as 2.0. The 
DEiS cellulose resembles in base strength the corresponding 
tertiary ammonium anion-exchange resins, most of its exchange 
capacity being between pH 6 - 9« It has a certain but limited 
capacity above pH 9-0.
For this study, glass columns 1 cm. in diameter were 
packed with cellulose or its derivatives to malce columns 10 cms. 
long. The column material is in the powder form and is poured 
into the column in the dry state and packed dotm by tapping the 
ba.se of the column on the bench. If the material is floe it is 
packed into the column and settled into place with a glass rod.
The cellulose column was prepared for use by washing through with 
distilled water until examination of the eluate by fluorimetry 
revealed no fluorescent impurities. The Cellulose phosphate was 
washed consecutively with distilled water, h/10 HaOH; water;
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and h/10 H^SO^ to charge the column .and finally with water to 
remove excess H^SO^. This procedure removed colored impurities 
from the cellulose material and the resulting column was white in 
color and the eluate free from fluorescent impurities. The DEAE 
cellulose was prepared as above except that the order of washing 
was reversed.
To give an idea of the exchange capacity of the 
columns used, the amount of material used to produce a column of 
a certain length was weighed dry, and with the published exchange 
capacities the exchange capacity can be calculated.
I1
! Length of 
! Column
i
i
Diameter of 
Column
Dry wei^t of 
material
Exchange capacity'in 
mi Hie qui valent 8 
(p. 40 T-Jhatman DE.50)
Cation Anion" j
1 ! 
1 10 cm. 1 cm. 1 .5 grm. 3.0 1 1-5i ]
j 1
1 15 cm. j
! j
2 cm. 9.0 grm. 18.0 9.0 1 
1
1 20 cm. i 2 cm. 12.0 grm. 24.0 12.0
The examples of the columns 15 cm. and 20 cm. long are . given 
because they are the sizes used in the work on plant extracts.
To test this new method of separation each individual 
compound (0 .0 5 ml. of 2 .0 x 10 M. aqueous solution) was added to 
each of three different columns. The columns were run wi oh
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distilled water and fractions of 2 ml. volume were collected and 
analysed fluorimetrically.
( Results of the separation of Indole compounds by
Cellulose ion exchangers
Firstly, the results of the recovery of indole 
compounds not retained by the Anion and/or the Cation exchangers, 
are given in TABLE 5 on the next page. With the exception of 
the recovery of Indole from the Anion column the percentage 
recoveries are high, further, the activait ion and emmission 
maxima of the compounds do not change, suggesting that there is 
no chemical change during this treatment.
Secondly, the results of which compounds are 
retained by which column are given in TABLE 6, In TABLE 6 use 
is also made of the partition properties of the compounds given 
in TABLE 4, this shows the possible separations that can be 
achieved by the use of solvent partition followed by cellulose 
ion exchange. It is of particular interest to note the retention 
by Cellulose itself of the basic indole compounds examined,
Ikyptamine, Gramine and 5-*'2S Tryptamine. Although it was not 
possible to investigate by the fluorimetric method the 
retention of Indole aldehyde, indole acetaddehyde and indole 
acrylic acid (although it would he possible by other means) it 
is safe to say that the aldehydes would behave like indole and 
not be retained by any column and the acid would behave like I M
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TABLE S *The Percentage recovery of compounds not 
retained hy Anion or Cation cellulose exchange 
columns. A dash means that the compound has 
heen retained hy the column.
? ...." -----------
Compound
not retained hy 
Anion Column Cation Column 
(DSAE Cellulose) (Cellulose phosphate)
Indole 67.5 106.0
Skatole (3 methyl-indole) 101.0 104.0 {
Trirptophol 100.0 101.0 1
IndoIe-3-acetonitrile 99.0 91.0 94.0
Indole-3-acetamide 99.0 110.0
Gramine 96.0 99.0 -
Trypte.mine ECl 95,0 106.0 -
9-OH T]r/ptamine 97.0 -
Indole-3-acetio acid - 95.0
Indole-3-propionic acid - 93.0
5—OE Indole—3—uoetic acid - 79-0
Indole-3-acetyl glutamine - 89.0
N acetyl Trinptophan — 98.0
----------------------
* apparent superoptimal recoveries are due to the variation, 
in the volumes delivered hy the fraction collector.
TABLE 6 The separation of Indole compounds by
Cellulose ion exchange columns.
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J ft I I
Partition! 
Charact- ; 
eristics
retained hy 
Cellulose
retained hy 
Cellulose phosphate 
(Cation)
retained hy 
DEAE cellulose 
(Anion)
retained I 
hy none j 
of the 1 
Cellu- i 
loses
Tryptamine HCl 
5-OH Tryptamine
Gramine
WATER
SOLUBLE
Tryptamine HCl j 
5-OH Tryptaminej 
Gramine !
Indole acetyl- 
asparagine
Indole acetyl- 
glutamine
ITryptophan 
?
|5-0H Triptophan 
I
Iw-methyl Tryptophan
Triptophan I
5-OH Tryptophan •i
N-methyl Tryptophan!
ETHER
SOLUBLE
Indole-3-carhosylic
acid
Indole-3-acetic
acid
Indole-3-hutyri c 
acid
Indole-3-propioni c 
acid
Indole 
Skatole
Trypto­
phol
Indole-3-J 
acetoni- I 
trile I
Indole-3-actic jlndole-3-|
acid I acetamide I
Indole-2-carhoxirlic I 
acid
N-acetyl Tryptophan
5-OH indole-3- 
acetic acid
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and he retained only hy the Anion column.
 ^ _?j-^ ~^’-^ s^ion of the application of this method to
Plant Extracts "
I have used these ion exchangers in two distinct 
ways to study the auxins in plant extracts. Firstly, one can 
hioassay or assay in other ways compound's from plant extracts 
that pass through the particular column. For example, a methanol 
extract was prepared of white cahhage leaves. The whole ether 
fraction of this extract was placed on a charged DEAE cellulose 
(Anion) column. The column was run with water, the chlorophyll 
was retained together with any acidic auxins and the neutral 
auxins could he isolated, one of these was shown to he indole-3- 
acetonitrile, (see the results given in Chapter 13). In this 
present study of Vicia faha roots the water soluble fraction has 
heen treated hy placing some on Cellulose, Cellu].ose phosphate 
and DEAE cellulose columns and running them with water, this 
solution is concentrated, then chromatogramed and hioassays and 
other methods used to analyse the resulting chromatograms.
These analyses can then he compared with chromatograms of the 
untreated water soluble fraction. With a knowledge of the 
special selectivity of the cellulose derivative used, useful con­
clusions can he draim. In r'unning plant extracts through 
exchange columns, with water as the eluant, a large amount of 
exchange takes place and the pH of the eluate changes as a result.
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This is described, in Chapter 3. If the eluate was a buffer 
solution the pS might be maintained constant, but the problem
of desalting would have to be dealt with.
The second use of these ion exchanges has been to 
compounds retained on the column and. examine them further.
As the eluant is salt, base or acid the problem of desalting the 
eluate has to be faced. Fartunately, in dealing with the whole 
ether fraction this can be overcome. If the whole ether fraction 
is suspected to contain IM, the material is added to a charged 
D E M  cellulose (anion) column and washed with water to remove the 
neutral compounds. It has been found, that subsequent elution 
with n/10 EgSO^ results in the breakdoim of some of the lAA, but it 
can be removed satisfactorily with M/20 Na^SO^. This solution 
is extracted at pH 3.0 with ether, thus effectively desalting the 
material. The recovery of I M  in this procedure has been tested 
by fluorimetric assay. The figures for percentage recovery in 
three separate experiments being 8$, 97 85^. This method has
been used on the whole ether fraction of the Vicia faba root 
extracts.
(e) Further separations by Column chromatography
Cellulose columns, 28 cms. long and 1 cm. diameter 
have been used to attempt separations of the groups of compounds 
shown in TABLE 6. Mixtures of the neutral indoles, of the acid 
indoles were added to columns and run with water, the fractions
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were analysed fluorimetrically, but no useful further separation 
was obtained. If indoles of different characteristics, acidic 
and- neutral for instance were used, some separation is achieved. 
An experiment showing the separation of I M  and indol e-3- 
acetonitrile .on a cellulose column, water being the eluate, is 
described in Chapter 3.
It is often found that a column of cellulose powder 
will allow separations similar to those obtained on paper sheets 
if the same solvents are employed. If a column of cellulose 
derivative is used a different order of separation is obtained. 
Results of experiments in which this technique was tried are ' 
given in Chapter 3.
5. Paper Chromatography
(a) Introduction
Paper chromatography has been wid.ely used in this 
study in. the preparation of chromatograms for Bioassay, for 
preparative isolation of compounds and. for the location of 
special groups of compounds. These methods are described and 
discussed below.
(b) Chromatography for Bioassay
Since the first bioassays of one-dimensional chroma-
tograms by Bennet-Clark, Tsmbiah and Kefford (1952) and Luckwrll
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(1952) this method has been very widely used. Experience gained 
by various workers over the past eleven years has draivn attention 
to the dangers iniierent in the interpretation of histograms of 
bioassayed chromatograms. Ideally, the system one needs is that 
given maximum separation of the auxins that one is interested in, 
under the mildest chemical conditions and leaving the chromatogram 
in a suitable state for bioassay. Steward and Shantz (1959) 
have drs.™ attention to the fact that the resolving power of the 
uni dimensional chromatogram is very much lower than that of two 
dimensional chromatograms.. Thurman and Street(l960)have warned 
about suggestions of the presence of interconvertible substances 
following erroneously, from the elution and re chromatography of 
zones containing massive amounts of several constituents (this 
occurs particularly with hea,vily loaded chromedograms) ; the 
elution of such chromatograms effecting some purification and the 
rechromatography permitting more effective separations.
Tb.e commonly used ammoniacal solvent, Iso-propanol/ 
has been foundtto decompose some indole compounds, Nitsch 
(1956) has reported the hydrolysis of the ethyl ester of IM. and 
Bentley e^ ad (1958) have studied the color reactions and bio- 
lofrical activity of the decomposition products arising when 
indole—3—pyruvic acid is chromatogramed in ammonia. Gunning 
(1981) has found that malic acid, when chromatogramed in an 
ammoniacal solvent, formed the half ammonium salt. This salt is
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slightly growth active and had. an nea^ the starting line.
Another artefact arising from chromatography 
technique has heen demonstrated hy ITitsch and Nitsch (1960).
They showed that indole compounds spotted on a marker chromatogram 
could transfer to an adjacent chromatogram in the tank and this 
gives rise to biological activity which could be falsely ascribed 
to the extT'act under examination. Tliis was most pronounced 
with IAN and the ethyl ester of lAA. in solvents containing 
petroleum ether or hexane. Most (I962) has sho^m that transfer 
of liVA between chromatograms using iso-butanol/methanol/EgO did 
not take place. Using the Avena internode test Most (I962) has 
demonstrated the presence of inhibitors in unwashed paper and 
their absence in Swashed paper.
In the first experiments that were performed the 
80-5-15 composition of the iso-butanol/methanol/E^O solvent was 
used, as recommended by Nitsch (1958). The chemicals used were 
R standard, May & Baker, after running the chromato^gram in this 
mixture the solvent was found to be diphasic. In all remaining 
work the comuosition 75-10-15 was used, this remained monophasic 
throughout the experiment. Tie disturbing thing about this 
solvent is the changing R^ vadues in the hands of different workers, 
(see TABLE 7 on next page). It is interesting to note that 
Pilet (196IP.) has compiled the values for lAA in isopropauol/ 
ammonia/water gi.ven by different workers, these figures vary from
0.25 - 0.52.
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JL The 'values ohlained for 7JlL in iso—
'butanol/methanol/ïï^O hy différant workers.
Worker
r——
of paper
Whatman
solvent
composition
equilibration
time
ascending
or
descending
Mtsch (1956) 0 .2 4 80-5-15 . overnight ascending
LshiT>i (1939)
early work 0 .25 Wo. 2 80-5-15 one hour- descending
later work 0 .55 Wo. 2 80-5-15 one hour descending
Most (1962) 0 ,60“ 
0 .7 0 3 mm. 80-5-15 six hours ascending
1
Burnett (present 
work) 0 .73-
0 .90 3 mm . 80-5-15 six hours ascending
0 .81-
0 .88 3 mm. 75-10-15 six hours ascending
These figures for lAA mean that this solvent in my 
hands "was not ideal for the acidic auxins, hut as will he seen in 
some results on the water soluble fraction it ha,s proved to he very 
valuable.
The procedure used for chromâtog^aphy for hioassay 
throughout this investigation is as follows. Tiie paper used was
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'■rnatman's 3 mm. prewashed in the solvent hy descending chromat­
ography for two days. Ihe strips used were 6 cms. m de and 36 
cms, with the origin a line 4 cms. from the bottom. The material 
to be examined iras spotted in a line across the ori^ Qdn. Four 
chromatograms could, he hung hy means of a specially designed 
stainless steel lid in a glass tank, this arrangement is illustrated 
in FIGTJllHl Id on the previous page. The solvent 200 mis. being 
in the bottom of the tank, after equilibration for six hours the 
chromatograms were lowered with the ends approximately 1 cm. in 
the solvent, the solvent ascended between 22-25 cms. in 15-16 
hours. The tanlis were covered with a black cloth during this 
period and stood in a room with a temperature between 20-22° C.
After the experiment the chromatograms were removed from the tank 
and dried in the dark by means of a fan. The solvent was changed 
after every experiment wi.thout exception. The chromatogramis are 
divided longitudinally into three 2 cm. strips and the centre 
strip used for bioassay (see Chapter 2, Section A (f) Conditions 
of girowth of the sections and assay of paper chromatograms).
Other assay methods were used on the two remaining strips.
Special attention has been paid to the running of a 
large number of marker compounds in an attempt to assess accurately 
how many compounds might occur in any zone givi.ng a significant 
response in a bioassay test. This solvent is not of ccrrse 
specifically designed for resolution of all these compounds.
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Specific methods of separation for different groups of compounds 
are given in the following sections. TABLES 8.1, 8.2, 8.3 ;give 
the values of sixty compounds in iso-hutanol/methanol/HgO 
together with the color gi-"-en with the reagent most frequently 
used to detect them. As only one solvent was used for hioassay 
it will be lonoTm as the Bioassay Solvent,
(c) Purification of extracts by Water Chromâto/^ rTa-ohy
A few attempts were made to purify the Ether soluble 
fraction by spotting the material on a. 6 cm, Tiide chromatogram 
end running it by ascending chromatography m t h  water as the 
solvent and with no prior e oui libration. The idea is to dis- 
oand the origin and elute the rest of the chromatogram. The 
solvent front was so irregular and the ascent so slow that these 
experiments were abandoned.
(d) Preparative isolation techniques
Paper chromatography was used as a preparative 
technique for concentrating a particular compound or area on a 
chromatogram. Sheets of prewashed paper 10” x 10” were spotted 
-with the mixture to be separated, the origin being a line 10” 
long and 1” from the bottom of the sheet, A tan]: was deiHsed 
similar to the one shorn in ElGrUPE 14 In which it was possible to 
run five such chromatograms simultaneously. The Bioassay 8ol"^ e^nt 
was used and an equilibration time of six hours given. Tlie paper 
was dried and marker strips 1 cm. wide were then cut out, four
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TABLE 8 _^1. values of Amino acids in iso-butanol/
methanol/water and color with ITinhydrin reagent.
1 compound
V
h------------ -— _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
color with Hinhydrin
L Valine 0.27 pink/purple
L serine 0.06 pink/purple
L arginine HCl 0 .0 4 pink/ purple
' '0^ -amino-n-butyri c 
acid 0.16 red/purple
L ^ -amino-n-butyric 
acid
!
1 0.09 blue/purple
3,4 dihydroxy-phenyl 
-alanine 0.07 blue/purple
L Glutamine 0 .05 purple
I BL Methionine 1 0.28 purple*
j BL Asparagine 0.03 brcwn
I BL lÿrosine 0.22 purple
1
1 L Proline 0.17 orange/yellow goes to pink
1 ^ Phenylalanine : 0.44 purple*
BL -Alanine 0.13 purple
BL isoleucine 0.39 purple*
Glycine 0.07 blue/purple
BL Threonine 0.11 purple
BL Aspartic acid 0.01 blue/purple
L Glutamic acid 0.02 purple
A Alanine 0.07 purple
I
Hydroxy-proline 0.07 red/purple
L Histidine 0.03 purple
L 'Tryptophan 0.20-C).24 purple*
Lysine 0.03 red/purple
L Cystine no resiction with ninhydrin
^ runs as a double band, à pale color area followed by a strong 
color area.
^ values of Indole compounds and Ehrlich
reactors in iso—butanol/methenol/water and 
the colors with Ehrlich,
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compound color with Ehrlich reagent
m-Araino Benaoic acid 0.64 yellow
1 p-Amino Benzoic acid 0.73 .yellow
1
0-Amino Benzoic acid 0.83 yellow
Allantoin 0.13 slow yellow
Urea 0.31 immediate yellow
BL Tryptophan 0 .22-0.26 purple (fades to green)
IT methyl Tryptophan 0.39-0.44 purple (fades to blue)
IT acetyl Tr^rptophan 0.80 purple (fades to blue)
Tr;^ nptamine HCl 0.44 violet purple
Indole acetaldehyde 0.85-0.87 Ehrlich neg. BITPH orange red*
Indole aldehyde 0 .86-0.88 faint brovn. BHPH orange red*
Indole-3-butyric acid 0.83 blue/purple
Indole-3-acetonitrile 0.86 pink
Indole 0.91 pink
3-Methyl Indole 0.92 blue/purple
Indole—3~acetic acid 0.81-0 .88 purple
3-OH Tr^nptophan 0 .15 blue
5-OH Tryptamine 0.26 blue
*2:4 Binitrophenylhydrazine reagent.
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TABLE 8.3 values of Sugars, glycosides and phenolic 
compounds in iso—butanol/methanol/waiter and 
their color reactions.
! --- --- ------- --
compound
A
Cliemical Reagents ', 
alk.AgRO^ Anisidine 'pna*
Glucose» 0.11 black pale orange
Lactose 0.01
1
light
black
neg.
Sucrose j 0.05
1
brom/
black
yellow
Fructose 0.15 black yellow/brown
Maltose 0.03 black yellow
1 Galactose 0,09 black yellow
Mannitol 0.07 broTm neg.
Inositol 0.07 broT-jn neg.
Sorbitol 0.10 brom neg.
Phenyl-glucoside 0.07 borwn neg.
c<-methyl B-glucoside 0.10 brown neg.
Raffinose hydrate 0.00 black yellow
Sinapic acid 0.75 - - red-purple
Ferulic acid 0.80 - - blue
1 Caffeic acid 0.75 - - yellow-brown
1
Gallic acid 0.59 - -
yellow-brot'jn
Protocatechuic acid | 0.89 - - brown
1 Quercitin 0.48 - - yellow
* pna p-lTitraniline reagent
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equr>,lly spaced across the paper. The marker strips were 
developed with a suitable reagent and the zones required thus 
identified; were out from the remainder of the chromatogram 
ready for elution.
( )^ Elution of compounds from paper chromatograms
The sections of the chromatograms that were to he 
eluted were chopped in small' pieces into conical flasks, 80^ of 
absolute redistilled methanol was used for the elution which was 
for 18  hours in the deep freeze box at - 1 4 °  G-. The paper was 
removed by filtering the material through sintered glass filters 
and the methanol reduced to dryness under reduced pressure, 
Whenever an elution wa,s done, elutions from the same amount of 
washed run bla,nk chromatograms were done under exactly the same 
conditions. If a sample was required for immediate fluorescent 
examination it was eluted into a buffer solution, the pieces of 
paper being shaken with the buffer and the whole being filtered or 
centrifuged to remove'the paper.
(f) Paper chromatography and Electrophoresis
An ascending run in the Bioassay solvent in one 
direction followed by electrophoresis at pH 1.9 second
direction was used to attempt separations of compounds in a few 
e^rperiments. The results of these experiments will be discussed
later.
132
(§) Ghromatography of Indole compounds
Both, one-dimensional and two dimensional 
chromatography was used to separate indole compounds. In
addition to the neutral solvent (Bioassay solvent) mentioned 
in section (h) above, two other neutral solvents were used, iso­
propanol 80 water 20 (Hitsch I956) and n-propanol 75 water 25 
(Rodnight 1956) • The R^ va.lues for some indole compounds and 
amino acids in the three neutral solvents are given in TABLE 9 
overleaf. The paper is Tfha.tman 3 mm. in each case prewashed in 
the respective solvent, the chromatograms are equilibrated for 
six hours before running.
Tîfo dimensional chromatography was used for 
detection of indole compounds, all experiments used the ascending 
technique, in early experiments the Universal Apparatus described 
in Smith (I960) was used, later the apparatus similar to that 
illustrated in FIGURE Id and described in (d) was used. The 
paper used wa,^  Whatman 3 mm. The following solvent systems were 
tried.
1st direction 1 2nd direction( 1
1. n-Butanol 120 Glacial Acetic acid 30 KCl 20$ (Bagliesch I956)
water 50 (Partridge 1948) no equilibration no équilibration!
1
2. Bioassay solvent (six hours equilibration)
!
same as first direction j
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tab le 9 values of some Indoles end Amino acids in
three different neutral solvents and the 
reagent used for detection.
Compound Solvents 
i s o-But/Me th/w i s o-Pr/W n-Pr/w* Reagent
BL Tryptophan 0 .20-0 .2 4
■ — '
0 .3 4
—  -----
0 .4 2 Ehrlioh
IT methyl Tryptophan 0.41 0 .50 - U
j
j TT acetyl Tryptophan 0 .80 0 .72 - " 1
Tiyrptamine HCl 0 .4 4 0 .79 0 .7 2 n
5-OH Tryptophan 0 .15 0 .17 0 .2 4 11
<
5-OH Tryptamine 0 .26 0 .60 0.60 M I 
1
Indole * 0 .91 , 0 .95 0 .9 8 !fi
Indole-3-acetic acid 0 .8 5 . 0 .8 5 0.91 " 11
Indole-3-acetonitrile 0 .8 6 . 0.91 0 .9 7 FÎ
Indole-3-acetaldehyde 0 .8 6 ■ 0 .92 0 .9 4 ri
Urea 0.31 0 .58 0 .4 9 II
L Arginine HCl 0 .0 4 0 .1 4 0 .1 8 Hinhy-
drin
L Histidine 0.03 0.12 0 .1 8 It
Lysine 0.03 -
3 .4  dihydro]q,^ phenylalanine 0.07 0.18■
0 .27 It
see (k) for abbreviations of solvents
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The last idea of running the same solvent in two directions 
provided some interesting results.
(h) Chromatography of Phenolic compounds
Ho solvent system specifically designed for 
separation of phenolic compounds was used, hut spots given by 
reagents for phenols were recorded from other solvent systems.
(i) Chromatography of Amino acids
Two dimensional descending and ascending chromat­
ography was used for the separation of amino acids. The solvent 
system used was n-Butanol/ciacial Acetic acid/ïï^O (Partridge 
1948). no equilibration,followed by Phenol/Ammonia, with no 
equilibration. The later solvent was prepared by adding 126 
mis. of water to 500 grms. Phenol in the original dark bottle, 
this is left standing overnight and 1 ml. of 0.88 Ammonia, is 
added just prior to use. In as much as Tryptophan is also an
amino acid, the solvents used for indoles were used in this
section also.
(i) Chromatography of Sugars
As the values' for sugars in most solvents are 
very low, the method using descending chromatography and allowing 
the solvent to drip off the lower edge of the paper was used. The
bottom edge of the paper was prepared into a. series of points to
facilitate the dripping. The chromatograms were run fo- 48 hours 
in n-Butanol/Clacial Acetic acid/ïï^O.
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(k) Abbreviations for Solvents
abbreviation composition source
Bioassay Solvent iso-Butanol 75 methanol 10 water 15 after Hitsch(l956)
iso-Pr/w _ iso-Propanol 80 water 20 Hitsch (I956)
n-Pr/w n-Propanol 75 water 25 Rodnight (I956)
Bi^ A n-Butanol 120 Glacial Acetic Acid after Partridge
30 water 50 (1948)
I-Cl 20/ aqueous KCl Bagleisch (l95^)
PhAm Phenol 200 Ammonia 1 Smith (l96o)
6, Paper Electrophoresis
(a) Introduction
Some work on the electrophoresis of Indoles and
Amino acids was carried out in order to get some further infor­
mation about the possible ionisation states of unknoim compounds 
at different pH values. VHiile much work has been done on the 
separation of Amino acids since the experiments of Hieland, 
Fischer and Moemis (1948) this method has been very little used
for the separation of Indoles. Hork has been done by Fischer
(1954), Bitancourt (1954), Melchior (1957) and Guern (1958); 
these workers use a variety of pH conditions and both high and 
low voltages- Pilet (l96la)discusses the relationship between 
the dissociation state of a molecule and its movement to the
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anode or cathode under different uH conditions.
(b) The design of the apparatus
The design of the apparatus was taken from no one
source,, but from a number of the different designs available.
The apparatus was built in the laboratory end was designed for low
voltage operation (230 V.BO.). The movements of compounds
obtained with this apparatus were reproducible and provided 
useful information, FIGURE If on the next page gives a scale 
drawing of top and side elevations of the apparatus.
(c) Buffer solutions and the conditions of the 
experiments
Experiments were performed at different pH values, 
the details of the buffer solutions used are given below, these 
are taken from Smith (l060).
pH 1.9 58 ml. glacial acetic acid with 26 ml. 2f/ y/v formic
acid diluted to 2,800 ml. 
pH 6.0 Mix 272 ml. of (a) with 2,000 ml. of (b).
(a) 4.73 grm. Ha^HPO^ anhydrous in fOO ml. water.
(b) 18.13 grm. ICH HO. anhydrous in 2,000 ml. water.
‘- r
pH 10.0 Mix 500 ml. of (a) with 439 ml. (b) and dilute tot2,000 ml.
(a) Boric acid, 6.18 grm. in fOO ml. water.
(b) HaOH 8 grm. per 1,000 ml. water.
pH 11 .5 5.3 grm. HopCO^ anhydnou.s in 1,000 ml. water.
Before the experiment begins each of the four buffer
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compartments is filled with 200 ml. of the appropriate buffer.
A glass plate A^, 19 cm. x 19 cm. (as shoi-m in FIGURE If) or 
19 cm. X 38 cm. is placed in position. The sheet of chromatogram
paper 2f cm.-, x If cm. or 43.f cm. x If cm., with the material
to be investigated already spotted and dried, is dipped quickly 
through buffer solution and placed on glass plate A^. The 
position of the spots depends on the mobility and direction of
movement of the material to be investigated. Glass p]ate A^  is
placed on top of plate Ag and a little pressure applied. Plates 
and B^ are placed in position to prevent excessive evaporation 
from the buffer compartments. The electrodes are connected to 
the appropriate terminals of the DC. supply and switched on for the 
length of time desired. The apparatus is then switched off, the 
paper removed, dried and developed in a color reagent. Hhatman 
3 mm. paper was used throughout, being strong and easy to handle 
when wet.
(d) Results
The results of these experiments are given in
Chapter 3.
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CHAPTER 3. RESULTS OF WORK OH PLAHT EXTRACTS
SECTIOH A . ETHER SOLUBLE FRACTIOH
1. Hotes on separation
The raethanolio extract of 12 day old bean roots 
was reduced to dryness and made up in water, taken to pH 3.0 
and extracted m t h  ether, this material is called the whole ether 
fraction. This fraction was then reduced to dryness and made up 
in water and added to the top of a charged anion cellulose column, 
(the size of the column varied with the am.cunt of material used), 
the column was washed through with distilled water, neutral com­
pounds come through at this stage and this fraction is called 
the neutral ether fraction. Any that might be present in 
the extract is retained by the column and the column is then 
eluted with M/20 Ha^SO^ end the eluate which is yellow in color 
is taken to pH 3.0 and extracted with ether. This ether extract 
would contain any LAA, recovery figures for I M  in three separate 
experiments have been given in Chapter 2, they are 8f^, 97^ and 
8f^. Any loss which does occur at this stage is probably due 
to adsorption on glassware. The material obtained in this way 
is described as the acid ether soluble fraction and is approx­
imately equivalent to the bicarbonate fraction of classical 
separation techniques.
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Tb.e anion column after this treatment is discolored 
and FIGTJRB 16 shows the stats of the column. These colors 
probably represent the retention of ether soluble phenolic com- 
poimds on the column.
The whole ether, acid ether and neutral ether 
fractions were run on chromatograms and sections tested hy hio­
assay, chemical determinations, spectrophotoflurimetry and uv 
spectroscopy. The neutral ether fraction showed no fluorescence 
or color reactions on paper, and as the main object of this section 
of the work was to determine whether I M  was present or not, this 
fraction was not studied further.
2, Bioassay of whole ether and acid ether fractions
The whole ether fraction was diiu.ded into two parts, 
the fi^st part was chromatogramed, assayed and color tests per­
formed on adjacent strips. The second part was treated as 
described above and the acid ether fraction obtained, treated in 
the same way as the whole ether fraction. FIGURES 17 and l8 
give the results of two such experiments. IM. marker chromatograms 
were run a.t the same time and the position of I M  is marked on 
these two figures, the results of Ehrlich and p-nitraniline tests 
are marked.
It can be seen in PiGURSS 17A and l8A of the whole 
ether fractions that the lAA marker position does not correspond
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t o  th e  p e a k  o f  a c t i v i t y ,  in d ee d , i n  F IG T m ] 18A t h e r e  i s  a  zone  
of i n h i b i t i o n .  In contrast to this h o w e v e r FIGTJRES 17B and 18B 
o f  th e  c o r r e s p o n d in g  a c id  e th e r  f r a c t i o n s  show pealcs o f  g ro ^ r th  
p r o m o t io n  i f h ic h  c o r re s p o n d  e s a ^ c t ly  t o  th e  3LAA p o s i t i o n .  B io a s s a y s
of known amounts of lAA. were included in these experiments and 
the re s p o n s e  to these c o n c e n t r a t io n s  i s  m a rk e d . Sections of 
s t r i p s  parallel to the chromatogram shoTin in FIGURE I7B were 
e lu t e d  and e z a jn in e d  fluorimetrically, th e s e  results a re  discussed 
l a t e r .  FIGURE I9A shows th e  h io a s s a y  of JJJ\. run on a 
c h ro m a to g ra m  and FIGURE I9B shows th e  fluorimet-ic a n a ly s is  of 
e lu a t e 8 o f  a p a r a l l e l  strip. The g e n e r a l picture obtained is 
s a t i s f a c t o r y  but th e  c o r r e l a t i o n  b e tw e e n  the two a s s a y s  is p o o r ,  
due to a number of r e a s o n s ,  (a) the varia.bility of the b io a s s a y .
(b) the high blanks obtained f ro m  f r a c t i o n s  eluated from sections 
of a blank chromatogram and the m a jo r  source of error is (c) 
that when one spots LAA s o lu t i o n  a c ro s s  a 6 cm. iride c h ro m a to g ra m  
and b io a s s a y s  one 2 cm. s t r i p  and elutes a n o th e r  s t r i p  for 
f l u o r e s c e n t  e x a m in a t io n ,  the amount of I M  on each strip varies. 
Further d is c u s s io n  of this is given in the s e c t io n  on fluorimetry. 
This means that the c o m p a r is o n  of two a s s a y s  done in this way is 
extremely in a c c u r a te  and that it i s  b e t t e r  to elute the whole 
area of a c h ro m a to g ra m  and perform b io a s s a y s  and fluurimetric 
assays on different parts of the same solution.
This was attempted in an experiment involving the
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e_:traction o± 6 kilograms of material. The spectrophotoraetrio 
and fluorimetric analysis of material obtained is described 
later, regrettably the parallel bioassay of this material failed 
due to microbiological contamination of the bioassay buffer.
As the root material for this experiment took three months to 
grow, time did not allow its repetition.
3. Chemical determinations
The color determinations showed a consistant 
pattern, see FIGURE 20, with Ehrlich and p-nitraniline, UîïPÏÏ 
was negative. The colors obtained under uv and uv/eS^ were 
extremely variable. Without reproducing all twenty chromatograms 
it would be impossible to present these results fully, however 
in FIGURE 20, areas which showed fluorescence are marked to 
indicate where fluorescent compounds occured. It is clear from 
FIGURE 20 that much fluorescence and phenolic material occurs 
in the IAA_ region of the chromâtogram.
4. Spectrophotofluorimetry and uv absorption
Mention was made earlier of the difficulty of 
spotting lAA evenly across the 6 cms. origin of a chromatogram. 
Experiments have been done to test the recovery of lAA by 
elution from 6 cm. chromatograms, which have been divided into 
three parallel strips after running. One central strip was
Lo
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dipped in Ehrlich. and the zones corresponding to the purple 
zone produced were eluted. Such an elution does not represent 
the total ÎAA. on the paper (see FIGURE I9 for comparison of 
color determination and fluorimetric determination). The 
recovery is lower on that account. The pairs of results ob­
tained from the 2 cms. strips are as follows, they are expressed 
as a percentage of a third of the total amount added to the 6 cm. 
wide chromatograms, 92.5,57.0; 80.0,71.5, 67.5,76.5; and
89.5,87.5. As discussed before this shows:the difficulty of 
spotting material equally across a 6 cm. wide chromatogram.
Material was eluted from «8.5-9.5 of a strip
parallel to the one bioassayed in FIGURE 17R. A compound with 
single excitation and fluorescent maxima at 330 mj|uand 445 
respectively, occured in these solutions. As mentioned 
previously an extraction of 6 kilograms of root material was 
carried out and the acid ether fraction was run on chromatograms, 
loading 1 kilo,gram to 6 cms. wide. Color tests were performed 
on one chromatogram and an area, R^ c7/75-;9/75 covering an area 
giving faint pink and blue Ehrlich reactions and corresponding 
to the R^ of an lAA marker was eluted and examined.
The compound found previously was again identified 
and a dilution curve of this material is shown in FIGURE 21,the 
blank reading, taken from eluates of blank chromatograms was 
quite high. In addition,readings were taken on these solutions
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compound, excitation max. 330 mp. and fluorescent 
max. 445 mp # — — #  ,and for readings at lAA 
settings, O  O
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m t h  the instrument set as if reading for lAA, the dilution 
curve for these readings is shoim in FIGURE 21, If the 
readings taken with the instrument set as if for lAA are 
assumed to he lAAj then if a value at 20 grms fresh wei^t/inls 
(on the linear part of the curve) is taken,then the estimated 
ajnount of lAA is 0.875 ji/grms/kilogram fresh weight. However, 
because of the inner filter affect of compounds absorbing at 
200 rnjU. (described below) and because the readings were not made 
on an actual peak but only at instrumental setting as if for IM., 
no confidence can be placed in such an estimate. The bioassay 
of this material failed.
Readings of fluorescent intensity against pH were 
made on this material as if reading for IM, readings were taken 
of IÂA at the same time for comparison, these are given in 
FIGURE 22. There is no similarity in behavour. The ultra 
violet spectrum of this material is shoTO in FIGURE 23, together 
with the ultra violet spectrum of lAA for comparison.
A solution of 10~^ M lAA at pH 7*0 at 280 mji/has 
an absorbance of O.5IO, this solution gives a fluorescence which 
would be self quenching at pH 7.0; however, a concentration of 
lO”  ^M gave 30 units of fluorescent intensity. However the 
eluate exzamined at $0 grms/ml. gives an absorbance of 0.527, and 
at a tenfold dilution and set at lAA excitation and fluorescent 
wavelengths, a fluorescent intensity of 0.55 units was found
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(■whereas if it were lAA one woiold expect approx, 30 "unite.)
It therefore appears, that either the absorption pealc at 280 
mf/ in the eluted material is not due to IM, or that there is 
some lAA present but that some of the absorption at 280 m^ is 
not due to I M  and together with the compound excited at 330 mf/ 
(IM fluorescent max. 365 rnj^;) constitute an inner filter effect 
that prevent the assay of IM.
5« Is I M  present or not?
The evidence for the presence or absence of lAA 
needs further consideration. The fact that there is present in 
the ezctracts a compound which is ether soluble, retained by 
anion columns, eluted successful.ly,and runs on a chromatogram 
to precisely the same as I M  and gives a grcT-rfch promotion 
in the Avena internode test all point to it being IM. If 
an estimation of the amount of I M  is made on the basis of lAA. 
equivalents in FIGURES 17B and 18B it is found that from 
1.7-11.3 jUgrms lAA equivalents are present per kilogram of 
fresh TfTeight. (of. Lahiri and Audus (l96l) 50 ^  grms/kilo and 
Most (1962) 153 p/grms/kilo). If this amount is present then 
a 2 cm. strip of a 6 cm. chromatogram loaded with the 
equivalent of a kilog?"am of material, will have from O .56 - 
3 .76 f/grms of I M  equivalents present and one would expect 
(excluding the possibility of interfering compounds) a
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purple Ehrlich reaction, but only faint pink and blue colors 
occur. Jepson (1960) reports that 1 jUgrm/sq. cm. of lAA. can 
be readily detected. If the estimates of Lahiri and Audus 
( 1961) and Most (1962) were estimates of actual lAA, then one 
would expect a very clear purple Ehrlich reaction.
The eluated material described in Section 4 at a 
concentration of 5 grms fresh weight/ml. has an absorbance at 
285 nijü of 0.0513 and at 365 rn|V of less than 0.007. This level 
of absorbance will have very little effect on the quantitative 
estimation of lAA, if then lAA was present at levels indicated 
by the bioassay, there would be from 0.0085-0.055 grms/ml, the 
higher level would be just detectable and certainly if the 
estimates mentioned by other workers were estimates of actual 
lAA., then this amount would have been detectable.
On the basis of present evidence it seems reasonable 
to suggest that lAA., if it is present in bean roots, is present 
at a concentration of less than 20 jjgrms/kilogram. Until further 
methods of separating the compounds in the lAA region of the 
chromatogram have benn devised^ the ultimate goal of the precise 
correlation of fluorimetric and biological assays will prove 
difficult in this material.
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SECTIOU B . WATER SOLUBLE FRACTION
1. Wotes on separation results
The preferentially water soluble fraction was
obtained as described in Chapter 2, section B on solvent partition.
In the preparation of the water soluble fraction some precipitate
is spun doT-m with the insoluble bariw. salts, Barium hydroxide is
used to neutralise the fraction after its extraction with ether
at pH 3.0. This material appears to be fatty in nature and
would perhaps repay further investigation. After nentrifugation
the resulting supernatant is golden yellow in color, this is the
water soluble fraction and was stored in a deep freeze at -
14^ C. when not in use. Wo significant changes in color of
this material was observed during storage. The concentration
at which the material was kept was such that 1 ml. was equivalent
to 10 grms of fresh weight of the material. Some white material
precipitates during storage and prior to chromâtography, the
«
solution was shaken vigourously, this resulted in an opaque 
solution from which the aliquots for chromatography were taken.
Chromatography of the water soluble fraction is 
not easy, the maximum loading for satisfactory running in the 
Bioassay solvent, on a 6 cm. wide chromatogram was found to be 
the equivalent of 15 grms fresh weight. More often a loading 
of 10 grms was used.
156
2. Bioassay of the water soluble fraction
Bioassays of the water soluble chromatograms were 
made on the centre 2 cm, strip of 6 cm. wide chromatograms, the 
remaining strips being used for color determinations and elution 
for further studies. FIGURES 24 and 26 show bioassays by Evena 
internode and FIGURE 25 shows a comparison between the Avena 
internode and straight groirbh tests. The majority of the groTfth 
promoting activity is located between E 0.0 and 0.30, with 
further smaller peaks of activity at hi^er R^ values. The 
activity at R^ 0.0 - 0.30 forms in some cases a double peak 
FIGURES 24(a) and 25(a) and (b) and in others a single peak, 
FIGURES 24(b) ajid 26.
Color determinations with Ehrlich and p-nitraniline 
are recorded below each chromatogram. Tb.e colors under the ultra 
violet lamp were recorded, with and without ammonia fuming. These 
are not constant from chromatogram to chromatogram, but the 
general picture is recorded with the color reactions shoim by 
the water soluble material in FIGURE 27. In no case was a 
chromatogram that had been viewed under the ultra violet light, 
bioassayed. Such work was always done on the parallel strips 
remaining after the central 2 cms. had been removed for 
bioassay.
3o Chemical determinations on the water soluble fraction
The color reactions of different reagents on the
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water soluble material run in the Bioassay solvent are recorded 
in FIGURE 27. It should he noted m t h  respect to this figure 
that it represents the color reactions of twelve different 
chromatograms and that the values of the color reactions do 
vary somewhat. For this reason it is important to do a color 
determination for each chromatogram hioassayed if any satisfactory 
attempt is to he made to correlate a groirfch promoting area with 
a color reaction. The amount of water soluble material per 
strip (l cm.) used for each color test was 1.66 grms fresh 
weight. However, with ninhydrin this loading gave a complete 
intense purple/blue area from R^ 0.0 - O.5O and showed no 
distinct zones. The concentration used to obtain the Hinhydrin 
reaction shown in FIGURE 27 (see opposite) was O.OI66 grms per 
1 cm. strip. This indicates the very high concentrations of 
ninhydrin positive compounds present in the water soluble 
fraction, and this will be discussed more fully in the section 
on amino acid content which follows.
The area R O.5O which gives a blue fluorescence in 
ultra violet light that turns to green blue on fuming the strip 
with ammonia and the compound giving a gray-pink color with 
FeCl^ running just in front of BORA, (unknoi-m A).
In this water soluble material there are three 
Ehrlich positive zones, a strong immediate yellow zone, on and 
around the starting line, (called Yellow Ehrlich reactor Ho. l) -
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a, purple %one. (called unknoT'ni B) the of which ranges from 
O.IS - 0.28 depending on the loading of the chroinatn.grain.
Thirdly, there is a zone which runs in front of unknown B which 
gives a slow pale yellow reaction, (this zone is named Yellow 
Ehrlich reactor Eo. 2).
Particular efforts have heen made to identify these 
Ehrlich positive compounds and the compound (unknoim A) T-diich 
gives a green color with PeCl^ and dark purple with p-nit rani line, 
"because of their close association with the region of growth 
promotion in the hioassay, (see FIGURES 24-26). A description
of this work is given helow.
4* Identification of Tr~^ nptophan
It was suspected from similarity of and solvent 
partition properties (i.e., preferentially water soluble) that 
the purple Ehrlich reactor (unknown B) described in the preirlous 
section might be tr^rptophan. Different methods of analysis 
described below were used to confirm this hypothesis.
(a) Spectrophotofluorim.etry
A 6 cm. wide chromatogram of water soluble material 
equivalent to 10 grm. fresh weight, was run in the Bioassay 
solvent. The middle 2 cm. strip wa.s removed and the other 
parallel strips were developed in Ehrlich reagent, the purple 
zone 0.1$ was located and a piece of chromatogram corresponding
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to R^ 0.12 - 0.18 was removed from the untreated 2 cm. strip.
This was eluted in 5 mis. of distilled water and the supernatant 
removed after centrifugation. This solution contains unknoTm E. 
Tenfold dilutions of this material into buffer solutions of 
different pH’s were made and the fluorescent properties of these 
solutions examined. At pH 7.0 the excitation and fluorescent 
spectra were single peaked with maxima at 280 m^ and 360 mf/ 
respectively. The fluorescence ma,xima showed a shift of 5 myi; 
to 365 ïïïfj above pH 10. A sample of authentic t?.p;ptophan behaves 
in exactly a similar manner.
The change in fluorescent intensity with pH was 
recorded for unknoim B and tryptophan at the same time, these 
results are shoi-m in FIGURE 28 overleaf.
(b) Chemical determination
UnknoiTn B gives a purple reaction T/rith Ehrlich, 
vu-thermore it has been found that this purple color fades to a 
green color on standing and this effect has been found with 
tirrptophan. Unkno^m B also gives a purple color with ninhydrin, 
a purple color with the modified Ehrlich reagent and a violet 
with Xanthydrol and a faint green with the acid oxidising re­
agent. These reactions are identical to those given by
tr3Tptophan..
(c) Ion exchange columns
A sample of unlcnoim B prepared in a similar way to
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FIGURE 28. The relationship between fluorescent intensity and 
rH for unknown B and tryotophan.
( O  unknown B,#tryptophan,)
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that described in (a) above. It was divided into three parts 
and imn do^ Tn columns of cellulose and cellulose derivatives, 
pispS'-Sd as described in Chapter 2j section B (4-)* Fluorimetric 
analysis of the eluate showed that unknoT'jn B was retained by the 
anion and cation columns but not by the cellulose column. This 
is in agreement with the behaviour of trj^tophan shown in 
TABLE 6, Chapter 2, and indicates the amphoteric nature of this 
compound.
(d) Chromat o ;^aphy
The value of unknown B in Bioassay solvent 
varies considerably, 0.15 - 0.28 due to loading and other union own 
factors. If R^ values of a compound are to be regarded as 
parameters of identification, then R^ values in a number of 
solvents have to be obtained.
The TABLE 10 gives the R^ values of unlaio>m B on 
a two dimensional chromatogram, with BuA in the first direction 
and KCl in the second. Bo other Ehrlich reactors were detected 
in this solvent system. The experiment was repeated seven 
times and also with trj^ pjtophan the source of the material is 
given in each case, (see Appendix 4 details of harvests).
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TABLE 10 jLro dimensiong.1 chromatography of the Water 
soluble fraction in BuA/k CI. (H^'s of unlmo^m 
B are recorded, the paper was IJhatman’s Bo.
3 mm. unwashed. Material equivalent to 0.5 
grms fresh weight was applied at the origin).
j
1 BuA
- i
KCl Chromatogram Bo. Ha.rvest Bo.
unknoi/m B. 0.41 0.54 1 3
0.36 0.51 2 5
0.40 0.53 3 6
0.32 0.55 4 7
0.36 0.53 5 7
0 .48 0.53 6 7
0.38 0.53 7 8
Tr;^ u)tophan 0.49 0 .54 8
Tlie R values in the first direction do not fit exa.ctly the value 
for trzfptophan, but show a good fit in the second direction.
This illustrates the danger of relying solely on R^ for identi­
fication of unknoivn substances. A more accurate R^ value can be 
obtained by running the material in the same solvent in cwo 
directions, an example of this is given later in the section.
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In the other neutral solvents tried, the following 
values were obtained, in n-Pr/%^ , unknoim 3 ,0.39 tr^^Ttophen
0 .42, in isoPr/w unknoim B 0.30 and tryptophan 0.34.
(e) Paper Electrophoresis
As previously indicated in FIGURE 26, a zone 
equivalent to the unknown B was eluted end spotted onto an electro­
phoresis paper. FIGURE 29 shows a half size diagram of the 
papers from two experiments run under identical conditions. It
can be seen that unknown B gives a single purple spot which 
travels towards the cathode at pH I .9 to the same position as 
tryptophan and B methyl tryptophan. Both compounds give a purple 
Ehrlich reaction but as mentioned pre^/iously the puzcple of unlcnoTm 
B and tryptophan changes to green, whereas the purple of B methyl 
tryptophan changes to blue overnight. It will be noticed that 
B acetyl tryptophan does not move as far as the other tryptophans.
If water soluble material equivalent to 2.5 grms 
fresh weight was run in a similar manner and developed with 
Ehrlich, urkno^m B was detected but did not travel as far as 
tryptophan in a given time. The results of this experiment are
given in FIGURE 36, together with other knotm indoles.
5. Identification of 3.4 dihydroxyphenylalaziine, (POPA)
The compound pre'^ /i ously described as uniono>m A, 
giving an immediate green color with FeCl^ and a dark purple with
168
FIGURE 29. Electrophoresis of unknown B and indole markers, 
( pH 1.9 » duration of expt.3 hours, 230v, 
color reagent Ehrlich's).
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p-nitranilinej was similar in color reactions and R value in 
the Bioassay solvent to DOPA. Different methods described below 
have been used to confirm this.
(a) Spectrouhotofluorimetry
Ihe changes in fluorescent intensity with pH has 
been studied for a sample of DOPA (obtained from Dr. De.te-Smith, 
Cambridge). It was found that the buffer celutions had a twofold 
effect, they changed the fluorescent intensity with pH and also
the excitation and fluorescent maxima change at alkaline pH’s.
-6 ’
Solutions of 2 X 10 M become visible pale yellow at these pH’s 
indicating that some chemical change is taking place. The 
excitation and fluorescent maxima at different pH’s and buffers 
are given in T^BDE 11, below.
TAHHE 11 The excitation and fluorescent maxima of 3,4 
DOPA and unknown A in different buffers.
li^ pe of 
buffer
pH of 
maximum 
fluorescence
relative i 
intensities 
of max. 
fluorée sconce
13,4 dihydroxy- 
phenylalanine
activ A  fluorX
’unlcnown A ’ 
activ X  fluorA
m ^ 1 m^f
citrate/
phosphate#» 4-5 1 285 330 285 330
glycine/lTaCl 
/iTaOH ' 12.1 4 340 475 340 475
'borate/lTaOH
■ o
11.08 20 330 395 330 395-.
* only determined accunately for DOPA, see test for explanation.
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It c æ  be seen from TABLE 11 that the product in borate buffer
ha.s dif.'erent characteristics to the product formed in glycine 
buffer. Because of this complex behavi.our it was decided to 
examine samples from two different sources and a second sample of 
DOPA was obtained from List's & Co.
The two products found at alkaline pH’s take some 
time to form and are more highly fluorescent than DOPA itself.
The solutions were allowed to stand for 15 minutes before the 
measurements were made. The excitation and fluofescent maxima 
for the two samples were identical and the change in fluorescent 
intensity m t h  pH was recorded, see FIGURE 30. For convenience 
the three ’forms’ of the compound are plotted on the same scale, 
however the relative fluorescent intensities for the three peaks 
are at pH 4-5 in citrate/phosphate buffer, 1. : at pH 12.1 in 
'glycine buffer,4. : and at pH 11.08 in borate buffer,20. (see
TABLE 11). The application of this information to quantitative 
analysis of DOPA is discussed in the section 7 to follow. The 
nature of the products formed from DOPA at alkaline pH’s is
discussed in Chapter 4*
From the same chromatogram that was used for the 
elution of tryptophan (see Chapter 3, section B, 4(&)) n^knoi'jn A 
was prepared in the same fashion. The segment was taken from 
0.07 - 0.13 corresponding to the afea gi.ving an immediate green 
color T-rith FeCl^ and a dark purple with p-nit-aniline. This
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FIGURE 30. The relationship between pH and fluorescent intensity 
for two samples of DOPA.
(open circles,squares -and triangles. Light's & Co. 
and closed circles,sauares and triangles, Dr.Bate-Smith'- 
sample.» a pH C.l - 8.0 A A pH 10.14-12.97 (glycine buffer) 
• O pH 9.25 - 12.33 (borate buffer), )
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sample was exa^mined in the different "buffers and the 
excitation a,nd fluorescent maxima at different pH’s corres- 
ponding to those given hy DOPA, (see TAPIÆ ll). The relation- 
ship "between fluorescent intensity and pE for unknown A and 
DOPA "between pH 0.1 - 8.0 is given in FIGURE 31. The two 
samples show good agreement. The figures from pH 9.0 ~ 12.0 
for horate and glycine "buffers are not given, as the rate of 
formation of the products formed in these "buffers was not 
fully understood at the time these measurements were made. The 
fluorescent intensity at these pH values was still increasing 
as the readings were taken.
It will "be noted that Tyrosine the related amino 
acid (excitation max. 280 m^ fluorescent max. 345 m ^  shows 
similar heha.viour to DOPA (excitation max. 280 fluorescent 
max. 330 mp) from pH 0.1 - 8.0 (of. FIGURES 10 and 3l). How­
ever, no changes in excitation and fluorescent maxima a,t 
alkaline pH's were found for tyrosine. From the evidence given 
above unknown A can be identified as DOPA with a degree of 
assurance, further data pertaining to the identification of 
unknown A as DOPA is given below.
(b) Chemical determinations
The green color reaction of W m o i m  A with FeCi^ 
is fairly specific identification of 3,4 hydroxyla,tion. The
reagents for phenolic compounds, p—nitrani1ine and sulphanilic
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FIGITRS 31. The relationship between fluorescert intensity and 
pH for unknown A and DGPA.
(unknown A O  ,DOPA #  .)
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acid give dark purple and blue colors respectively. The 
ninhydrin test is positive providing evidence for the amino 
moiety of the molecule. In addition, products formed during 
chromatography under alkaline conditions give positive 
Ehrlich reactions, this is described in section (d) to follow. 
bOPA itself gives a very pale yellow reaction with Ehrlich.
(c) Ion exchange columns
The behaviour of bOPA and unknoim A on cellulose 
and cellulose derivative columns is identical. It is retained
by the cation and anion celluloses as one would expect for an
amphoteric compound. Both compounds form a red-bro%m band at 
the top of the anion column. The formation of color products 
on the anion cellulose has been shown by other phenolic com­
pounds . It is thought to be due to the alkaJine conditions 
created on the column as material is exchanged. Both unkno%m
A and bOPA pass through cellulose columns.
(d) Chromâtography
The of bOPA in the Bioassay solvent is 0.07 
and the values for unknoTm A range from 0.09-0.13. values
in two other neutral solvents are as follows, n—Pr/¥ unknown A 
0.25, bOPA 0.27 and isoPr/W unknowrn A 0.17, bOPA 0.l8. The R^ 
values of unkno>jn A and bOPA have been found, in BuA /PhA,
(see TABLE 12) and in two dimensional chromatography using 
Bioassay solvent in both directions, (see TABLE 14 nnd FIGURE 35) •
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The behaviour of bOPA in PhA solvent is interesting
and a comparison of this behaviour with that of unloiown A has 
been made. Both compounds give a compact spot (approx. 2 cms in 
diameter) giving the color reactions and R^ values (see TABLE 12) 
similar to unchanged bOPA. Before development in any chemical 
reagents however, the area in front of this spot (that is to say 
nearer the solvent front) appears as a, long purple brown streak­
like area (approx. A cms long), particularly striking when the 
chromatogram is first removed from the tank and has a translucent 
quality through being saturated in Phenol. This area gives a 
faint brown yellow reaction with Ehrlich and fluoresces yellow 
under the ultra violet lamp prior to chemical treatment. Behind 
the bOPA spot (nearer the starting line) is an area giving a 
purple fluorescence. It would appear that these areas described 
are due to breakdown products of bOPA when it is run in the PhA 
solvent, and as such, are characteristic of unknovm A and bOPA.
6. The Quantitative estimation of Tryptophan and bOPA
A preliminary attempt at a quantitative es-timation 
of tr^rptophan and bOPA has been made, while this experiment is 
satisfactory, since it was performed more information has come to 
light that will improve the method and greatly enhance the 
sensitivity of the detection of bOPA. These developments are 
described in a, critical discussion of this experiment given
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later in this section and in the section following.
Water soluble material equivalent to 10 grms. 
fresh weight was spotted across the starting line of . a 6 cm wide 
chromâto,gram, and run in bioassay solvent. The tryptophan and 
bOP.A. zones were located by Ehrlich and FeCl^ respectively, on 
strips parallel to the central 2 cm. strip. (Since the 
evidence for the presence of tryptophan and bOPA seems convincing, 
the terms itnknoT^ m B and unknoi-m A will only be used where it is 
necessary to distinguish the material from the plant source, from 
the synthetic compound).
The bCPA zone (P^ 0.00 - 0.12) was eluted into 5 
mis. of pE S.O phospha,te/citrate buffer. (This is the pH for 
maximum fluorescence of unchanged bOPA, at the time of this 
estimation the fluorescent products that can be formed from bOPA 
had not been fully studied). The tryptophan zone (P^ O.I4 - 
0 .25) was eluted into pH 11. 08 glycine buffer, the pH for 
maximum fluorescence of tryptophan. It may appear from the 
foregoing description that it is necessary to use a color test 
to detect the zones which one wishes to elute, but this is not 
necessarily the case, a,s the loading of the chromatogram is 
reduced, a color test might be insensitive to the concentration 
of material ore sent, however, the lower the loading the more 
reproducible the values, and by running marker chromât of grams, 
the zones can be detected, the material eluted and estimated
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flnorimetrically, the fluorimetric test being far more sensitive 
than corresponding chemical test.
Dilutions of the two solutions described above 
were prepared and the fluorescent behaviour studied, having 
established the excitation and fluorescent maxima a,s being the 
same as the compound suspected, readings of fluorescent intensity 
against concentration were made. Calibration curves for 
tryptophan and DOPA were also prepared. FIGURE 32 gi.ves the 
fluorescent intensity/concentration relationship for ijmknoT-in A 
and B, DOPA and tryptophan zone material respectively. FIGURE 
33 gives the calibration curves for tryptophan and DOPA.
By taking values from the linear parts of the 
curves in FIGURE 32 it is possible to calcul.ate the ^ grms of 
each compound per grm fresh weight. The figures are 12.2 
jUgi.-ms/grm fresh weight of tryptophan and 20.1 ji/grms/ycm fresh 
weight of DOPA. As the water soluble material was from 
Earræst 3 (see Appendix 4) it is possible to state there was 
approximately 12.2 pgrms tryptophan and 20.1 jjgrms DOPA per 
root system, the average weight of each root being 1.02 grms
in this harvest.
These figures cannot be regarded as 100^:accurate, 
the fresh wei^t figures for each harvest being only determined
on a rough balance. However, from these figires and the 
sensitivity of the assay it is of great interest that it should
178
G
u#
z
K
Z
Zy
(/)
lu
03
IL
IL
0g1 
>- 
<t ? I
É
Z
0
o
L0 6 ; LONC. OlLUCnoN (iNTTÏ^ LSOLUTION — o EQ|i4v//1l.e^ wr TX?
0*4.fc* GrAm»$j FAESH WE#6-HT/ML^
FIGURE 32. Relationship between concentration and fluorescent 
intensity for unknowns A and B.
( unknown A O » excitation max,285 mp, fluorescent 
max.330 mp. unknown B #  ,excitation max. 280 mu, 
fluorescent max. 365 mp.)
179
>-
t
in
Z
K z
I-
W
U2
Q
O
g
>
t
so
C
6
0
% n
LOCr. M O L A R  C O N C E N T R A T W N .
FIGURE 33* Relationship between concentration and fluorescent 
intensity for DOPA and tryptophan►
( DOPA O ,pH 5.0, tryptophan #  ,pH 11.0).
180
be possible to measure the amount of DOPA and tryptophan in 
say, five 6r ten root tins of three-day-old beans (lOO root tips 
= 1 grm fresh weight, Most (1962)),assuming approximately the 
same concentrations. Since this assay was performed a method 
of increasing the sensitivity of the assay for DOPA twentyfold 
has been found and in addition neutral solvents tested recently 
provide the means to better separations of DOPA and tryptophan, 
see TABLE 9? Chapter 2.
It is important to assess possible sources of error 
in the present assay. The main source of error would arise from 
the presence of compounds that 2,bsorbed strongly at the 
excitation or fluorescent maxima of the compound one was 
measuring. The dilution curve for unknown A (DOPA) is quite 
linear, suggesting that there is no interference, see PIGURE 32. 
The highest value for unknoim B (tryptophan) shows a deviation 
from linear, see PIGUEE 32. This suggests the presence of 
compounds which absorb in sufficiently high concentration to 
effect the estimation, at lower concentrations the absorbance is 
reduced. This con be easily checked by Absorbance readings at 
the excitation and fluorescent maxima of the compound concerned.
'^ .nezcamination of the P^'s of compounds in the 
Bioassay solvent (TABLES 8.1, 8.2, 8.3) show that many amino 
acids end some sugars run at the same values as tryptophan 
and DOPA. Among the amino acids, tyrosine and phenylalanine
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might he expected to contribute to the fluorescence of the 
assay, however, the relative fluorescence of these compounds 
is; tryptophan 100, tyrosins 9.0 and phenylalanine ^0.5 
(Udenfriend (I962). Tinrosine has a similar to Tr^zptophan 
but the R^ of phenyalanine is considerably higher. The 
fluorescence of lÿrosine is at a different wavelength to 
tryptophan (20 m^ lower) and is only 39^ of its maximum at pH 
11.0 8. It seems very unlikely that the presence of Tyrosine at 
the levels expected would influence the assay of tryptophan.
As tryptophan probably overlaps the DORA zone on a 
chromatogram in a one dimensional run (see FIGURE 35) this would 
raise the estimate of DOPA and reduce that of tryptophan. The 
formation of more highly fluorescent products from DOPA, discussed 
in the next section, with different characteristics to tryptophan, 
together with the better separations obtained with other neutral 
solvents, will remove any error from the assay.
7. Further development of the method of estimating DOPA
In part 5 (a) fluorescent products of DOPA were 
formed in glycine and borate buffers which were 4 snd 20 times 
more fluorescent than DOPA itself, see TABLE 11. A preliminary 
study has been made of the formation of the product in glycine
buffers at pH 12.1.
The instrument monochromators were set at excitation,
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340 mp and fluorescent 475 mp and a sample of DOPA in aqueous
solution placed in the cuvette, the buffer solution was a.dded 
and readings taken at every 30 secs, for five minutes. The 
readings from 0-5 minutes were calculated relative to the 
reading at five minutes, this being assigned as 100. FIGURE 
34 shows the increase of fluorescent intensity with time, the 
experiment was repeated four times (see TABLE 8, Appendix l). 
During the, first three experiments the shutter between the 
activation monochromator and the cuvette was shut after each 
reading, a.s was the photomultiplier shutter. During the 4th 
experiment the activation monochromator remained open, so that 
the sample was being continuously irradiated at 340 mp. Ho 
difference was observed in results obtained by the two methods.
A similar study should be made of the product formed in borate 
buffer, this after standing 15 minutes is twenty times more 
fluorescent than DOPA itself and will increase the sensitivity 
of detection correspondingly. If, as will be discussed in 
Chapter 4, a study of the distribution of DOPA in different 
regions of the root should be considered worthwhile, this infor­
mation will be of value.
8. Identification of unfcnoT-m Ehrlich reactors
As described in part 3 of this section and shown in 
FIGURE 27, there are in the water soluble fraction, three Ehrlich
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FIGURE 34» The increase with time of the fluorescence at 475 nyi
of a product formed from DOPA in glycine buffer pH 12.1
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positive zones. Ttie purple zone, it has heen suggested, is due 
to tryptophan hut the Yellow Ehrlich reactors ITo.l and Ho.2 are 
unidentified. Thurman and Street (1961) have found a.iYellow 
Ehrlich reactor which they identify as urea. The immediate 
yellow reaction of Yellow Ehrlich reactor Ho.l is typica.1 of 
urea, hut the of urea, in the Bioassay solvent is 0.31, whereas 
the R^ of Yellow Ehrlich reactor Ho.f- is 0.0 - O.O5. The ■ 
possibility that this zone mi^t he due to urea and that it was 
retained on the starting line has heen considered, hut ruled 
out on the hasis of the following results.
The water soluble material has heen run in 
different•solvents with a number of markers to try to discover 
the nature of the Yellow Ehrlich reactors. I'feterial equivalent 
to 0 .2 5 grms fresh weight was run two dimensionally in Bui/PhA 
and the chromatograms dipped in Hinhydrin followed by Ehrlich 
reagent. The TABLE 12 overleaf gives the R^ values for three 
separate experiments together with the values for some Yellow 
Ehrlich reactors (not all necessarily water soluble, hut giving 
a yellow reaction with Ehrlich and negative with ninhydrin).
Yellow Ehrlich spot 1. (see TABLE 12, and not to he 
confused with Yellow Ehrlich reactor Ho.l in nomenclature) gives 
a strong yellow color and is thought to he Yellow Ehrlich reactor 
Ho.l at the origin in the Bioassay solvent. Yellow Ehrlich spot 
2 gives a pale yèllow with Ehrlich and hroim with ninhydrin and
TABLE 12 values of spots giving a yellow Ehrlich
reaction in Butanol/acetic acid, (BuA) and 
Phenol/ajnmonia, (PhAm). Color reactions 
with Ehrlich and Hinhydrin are given.
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Compound or Spot
R^ values Chemical reagents
BuA . PhAm Ehrlich Nmir-dr in
Urea 0.53 (O.50I 0.77 (0 .73) imm.
yellow
negative
Allantoin 0 .2 4 (0 .22) 0 .51 (0 .50) yellow negative
p-Amino Benzoic acid 0 .82 (0,88) 0 .6 4 (0.64) yellow negative
o-Amino Benzoic acid 0.88 (0 .95) 0.66 (0 .65) hroT-m/
yellow
negative
m-Amino Benzoic acid 0.77 0 .6 4 yellow negative
Yellow Ehrlich 
Spot Ho.l 0.18
**
0 .2 8 yellow negative
(Yellow Ehrlich 
Reactor ITo.l)
-
0.22
0 .1 4
0 .2 9
0.30 *
Yellow Ehrlich 
Spot Ho.2 0.15
0 .1 2
0 .1 2
0 .4 9
0.47
0 .4 8
pale
yellow
hroT'Tn
Asparagine 0 .16 (0 .12) 0 .4 8 (0 .40) pale
yellow
Brown
Yellow Ehrlich 
Spot Ho.3 0 .2 8
0 .26
0.37
0.38
pale
yellow
pinlc/
purple
3,4 dihydroxj/-- 
phenyl alanine
'(d o p a)
0 .2 6
0 .2 4 (0.23)
0.38
0.34 (0.33) pale
yellow
purple
* Figures in Brackets from Smith (IQ60)
** The experiment was done in triplicate, hence 
three values for each spot.
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runs in the same position as asparagine which gives the same 
color reactions under these conditions and woudd form part of the 
Yellow Ehrlich Reactor Ho.l in the Bioassay solvent. Yellow
I
Ehrlich spot 3 gives a pale yellow and runs to the same position 
and gives similar color reactions to BOPA under these 
conditions, this might also he expected to contribute to the 
Yellow Ehrlich reactor ITo.l. The slow pale yellow reaction of 
Yellow Ehrlich reactor Ho.2 does not appear on this chromâtog^amf, 
this could he due to a, lower concentration Being present or to 
the Enrlich reagent Being less sensitive to this compound in the 
presence of phenol. The same remarks are applicahle to the non 
appearance of Tryptophan in these chromatograms.
In the TABLE 13 Below the values and color 
reactions of further yellow Ehrlich reactors (these are ether and 
water soluble and are talcen from Smith (1961)). The close 
similarity of my R^ values to those from Smith (I96I) given in 
TABLE 12 allow these further values to Be quoted wi.th confidence. 
Some of these compounds, kynurenine, 3-05 anthranilic acid, and 
anthranilic acid are of interest as occuring on the enzymatic 
pathway of tryptophan conversion By pyrolle ring cleavage (Gordon
1961).
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TABLE 13 R^ values of spots giving a yellow Ehrlich 
reaction, in BuA/PhA.
Compound 3uA Ph.4 Eb.rlich Hinhydrin
Kynurenine (0 .46-0 .40) (0 .77) orange ?
Citrulline (0 .18) (0.63) slow yellow purple
Indole-3-acrylic acid (0 .90) (0 .70) yellow/orange 
to brom
negative
3-OH Anthranilic acid (0 .84) (0 .35) slow brown/ 
yellow
negative
5-OE Anthranilic acid (0 .60) (0.33) yellow/orange negative
Hone of the pairs of R^ values given ahove fit the 
R_P values for Yellow Ehrlich Reactor Ho.l and this work, while not 
succeeding in identifying the compound has ruled out certain of 
the possibilities. ‘
A.S mentioned previously in part 4 (a) of this 
section, water soluble material equivaJent to 0.5 grms fresh 
weight has heen run in BuA/k CI solvents, but only tryptophan was 
detected. It is of interest that a, reactor like Yellow Ehrlich 
reactor Ho.l which appears so clearly in BuA/PhA, should not be 
detected when the solvent for the second running direction ±s 
changed. This result indicates that the presence of 20^ KCl in 
the paper affects the reaction of p-aminobenzaldehyde m t h  this 
compound.
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An experiment was performed to test the resolving 
power of the hioassay solvent in a one dimensional n;n, to see 
whether more than three Ehrlich reactors could he found.
Material equivalent to 2.5 grms fresh weight was spotted on 
the origins of 5 two dimensional papers, 10” x 10”. The 
diameter of the initial spot was"115 cms and this represents 
the loading customarily used on the 6 cm one dimensional 
chromatograms. These chromatograms were developed! in the 
usual way, both directions in the same solvent. The chromato­
grams were in the same tank under the same conditions. Different 
chemical determinations were made on each sheet. The TABLE 14 
and FIGURE 35 show the results, they have been arranged opposite 
one another to facilitate examination. Ho reaction was found 
hi^er than 0.5* The tentative identification and the R^ 
values of the suggested compound are given.
It is of particular interest that in the first 
direction considerable overlap of all spots occurs, in fact, only 
spot 3 runs to the same R^ in both directions. This experiment 
also shows the extent to which Yellow Ehrlich reactor Ho.2 
(Spot 7) contributes to the afea of the chromatogram which 
gives a response in the bioassay (see FIGURES 24-26).
The results of electrophoresis of the water soluble 
material have been mentioned previously. The wsier soluble 
material has been run at-pE 1.9? the results are given in
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Table 14 Details of the values and color reactions given by spots 
marked in Figure opposite. Tentative identifications are 
recordeiand their values in the same solvent.
No. of 
Spot.
of Tentative identification. Chemical Identification.
Spot.
%f 0 i f ~ U c h .
PgQAnt FeCl^
4,-OH 
Cêse
‘0CL(^hC9f-
- U jùc
1. c.oo
i^K*-^ÂcK yeUoco ^e (X A C b / 
No I»
YejUo*-3 poLip<<e ye/jLc^ i) —
/^ r<5u^
2. 0.07 0.07
4 - pa-Lt
yoUou)
pttrpte (Mt/Tted.
y w a
Slou>
Gcu^ e
3- 0,12
7$ — —
pinA
- —
4. 0.22 0.22 T ^ f - x s t i , r \ C  urvd
Q r t t ^ c / mlrvo
a. elds
— pu.rp6f blOLO
p i n K
54©iO
5- 0.40 0.44
0.39
PKervy 1 <2, ( a.n*<LA€ 
tSo ( e u c l n e
- . - h
p^pte
^puXC
^ p î r J <
a i o ^
p 'u % h
i< x te 4 ^
— --
6. C.20 0.20-
0.24
T j^ P  toy lio-n-
pufp|Ç purple — —
7. 0.31
£ h . * ’ ^ o c K
No. %. p«<teyeiu»W
— — * — —
S. 0.14 0.17 F/'OrCi.rve pa-te
yeil^ — — —
a color rvoC cLeourly oaîocîoLteot locCW .
2" 4 t , C * o p <x r-^ o^-oCvüVv •
a
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03
Z.'^ ^^ oi/^ ecnon
TWO DP/RNSIONAl CHROMATOGRAM of the WAT^R SOLUBLE FRACTION.
Details of the spots marked above are given in the table 
opposite. Numbered spots are marked in a solid line.
Spot 4 * is marked —— —  —— Spot 8. is marked * ——« —  ^—
The solvent in both directions is iso-butanol/methanol/water, 
the paper is prewashed Whatman*s 3 mm. Material equivalent 
to 2.5 grms fresh weight, volume 0.25 ml.
ACTUAL. S|2lC.
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FIGURE 36 together with marker compounds.
In the "buffer used to obtain pH I .9 in these 
experiments, indole and I M  form colored derivatives which 
move sli^tly in advance of the compounds themselves. Indole, 
lAA and indole-3-acetonitrile all move towards the cathode at 
this pH, perhaps an indication of the protonation of the imino 
nitrogen. Yellow Ehrlich reactor Ho.l (immediate yellow) 
moves nearly the same distance as these indoles and Yellow • 
Ehrlich reactor Ho.2 (slow yellow) would appear to be positively 
charged at this pH and travels just behind tr5’p)tophan.
9. Mine Acid content
(a) Chromatography and chemical identification
Evidence given previously indicates the presence
1
of tryptophan and DOPA in the water soluble fraction. An 
examination of the qualitative and semi quantitative aspects of 
other amino acids has been made. It was hoped that it mi^ ght 
show the presence of 'non protein' amino acids that might prove 
of interest in groT-rth regulation. Hitsch and Hitsch (I956) have 
shoivn that the Avena internode test shows no response to added 
amino acids, with the exception of tryptophan.
The well tried system for separation of amino 
acids, BuA followed by PhA was used. The best separations were 
obtained with large sheets of Whatman's Ho.2 paper by descending
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ùvoto^ -3“Ouietô— 
-KUrrUc p W
6<nyp 6opKûkn
4 noU>(e-3' acefo-^
-n.ctnrc(e
WmnzR sot-tiSLC 
MATERIAL 
c*.ppro^  O'
J#<SK ojei^ Kt"
Sloto neltoujIto)
(,lU>u)
FIGURE 36. Electrophoresis of the water soluble fraction 
with indole markers.
( pH 1.9 • duration of expt. 3 hours, 23Cv 
colors-— - before Ehrlich,— —  after Ehrlich.)
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chromatography, 10" x 10" sheets were run hy ascending 
chromatography hut the results were not so clear. FIGURE 37 
shows the map of spots obtained using this solvent system, 
the colors ^ ven are with ninhydrin, with the exception of one 
spot which appears when Ehrlich follows ninhydrin, this is 
Yellow Ehrlich reactor Ho.l (see previous section). Pr. E.A. 
Bell of Kings College, London, very kindly ran some of my 
material in his solvent system, BuA (hutanol 12, acetic acid 3, 
water 5) azid PhA (Phenol 80 water 20, w/v) with ammonia added 
to the tanlc. On the hasis of this result and some six runs of 
my OTO, including a marker chromatogram, the determinations 
marked in FIGURE 37 have heen made. A^  is am unidentified 
acidic amino acid giving a pink color with ninhydmin. Spot B 
was repeatedly found when the separations were made on large 
sheets, hut could not he detected on the 10" x 10" chromatograms. 
It gave an extremely characteristic color m t h  ninhydrin, a green, 
caste with hlue. It was thought that this might he ^  cyanoal- 
anine which has heen found in Vicia sativa hy Ressler and 
Ratsin (1962). Dr. E.A. Bell says that it runs slightly 
slower than alanine in hoth directions in his solvent. I have 
heen unahle to obtain a sample and co-run it as yet. In. my 
solvent however, spot B is slightly in advance of the spot 
thou^t to he alanine. l^îy solvent is, however, slightly 
different in composition to that used hy Dr. Bell.
M^DlRtcnON 
Bu. Ac
QreeiA
>urpi
purpte
Vé^ UOW SHflUQH 
P,t«cro«. /SQ.i.
^ 2!^ ('DIRECTION PK.Ara
FIGURE 37» Two dimensional chromatography of Amino acids of 
water soluble material. BuAc/PhAm .
key to numbers.
1. Aspartic acid.
2. Glutamic acid.
3. DOPA
4. Serine
5. Glycine
6. Asparagine.
7. Threonine.
8. Glutamine.
9. a alanine.
10. Lysine and 
Arginine.
11. Tyrosine.
12. Leucine and Isoleucine
13. Valine and Methionine.
14. y amino butyric acid.
15. Proline.
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ITinliydrin is reputed to detect from 1-10 yi/grms 
per so. cm. On this hasis ajiy spot appearing on FIGURE 37
will he equivalent to 1 ^ grm of the amino acid concerned and in
the case of large spots, such as asparagine, glycine or serine 
nearer 50 yugrms. As 0.25 grms of water soluble material was 
used on these chromatograms, it means that the sjnount of amino
acid on the l/3 of the chromatograms (l/3 of 10 grms on 6 cm.)
used for hioassay is from 13-130 ^ grms and up to 650 y grms in 
some cases. The equivalent figures for UOPA heing 66.0 yyg?"ms 
and for tryptophan 40.6 ji/grms.
(h) Paper Electrophoresis
The electrophoresis data for tryptophaji and other 
compounds at pH 1.9 is given in FIGURES 29 and 36. It will he 
shown later that in passing water soluble material through an 
Anion cellulose column one is selectively alloTd.ng through the 
basic amino acids. Bioassay of this material shows different 
fea.tures to the hioassay of the untreated water soluble 
material. As the basic amino acids cannot be separated very 
satisfactorily on BuA/PhA chromatograms, attempts have been made 
to determine these by electrophoretic separations. Also to see
if any unusual basic amino acids might be present. TABLE 15
shows the electrophoretic behaviour of tryptophan and three 
basic amino acids.
Initially when runs were made for three hours at
6-
196
TABLE 15 • Lata showing the electrophoretic behaviour of 
tryptophan,arginine, lysine and histidine at 
different pH*s.
("Whatman 3 ram. papers 43.5 % 15 cms were used - 
length of run 6 hours - ninhydrin reagent - at 
pH 1.9 the material was spotted 3 cms from the 
anode end, at pH 6,0 and 11.5 in the centre of 
the paper - figures are cms/hour, -0.34 means 
0.34 cms/hour towards the cathode).
pE E%pt. No.
....
1 Arginine Lysine Histidine Tryptophan
1.9 3L -2.36 - -2.50 -0.93
51 —3 .05 — -2.85 —
101 -2.77 —3.00 -2.75 -1.08
6.0 Ï7L -2.45 -2.60 -1.50
... y-i --
-0.37
11.5 141 -0.34 +1.20 +1.94 +1.48
151 —0.43 +0.99 +1.96 +1.45
161 -0.40 — — —
181 -0.48 +0.82 +1.60 +1.18
iso electric 
point. 10.76 9.75 7.59 5.89
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pE 1.9 and developed in ninhydrin, half the paper towards the 
cathode came up a ixniform pale purple. It was thought that 
this would mask the reactions of material run on the papers, so 
papers were run for 6 hours in the electrophoresis apparatus 
and removed and dried pfior to spotting for the actual run.
This ensured a white background to the spots on paper dipped 
in ninhydrin.
0.25 grms of water soluble material was used. At 
pH 1.9 a spot corresponding in position to arginine, lysine and 
histidine was found, these spots travel approximately the same 
distance at this pH (see TABLE 15). A spot corresponding to 
tryptophan was found but no spots detected between these ' 
positions. T'Then a loading of 2 grms fresh weight was used a 
spot running in front of arginine at + 3.55 cms/hr giving a blue 
violet was detected. This mi^it be the same as B^ reported by 
Bell (1962a) and later identified asX y diamino butyric acid, 
Bell (1962b). Ho red ninhydrin color of la.thjrrine, * which 
moves fractionally slower than arginine at pE 1.9 and is 
negatively charged at pH 11.5^ * Bell (1962a) was detected.
Unfortunately, no time was available to do a run 
of water soluble material at pH 6.0, it can be seen that 
histidine is clearly separated at this pH. At pH 11.5 it will 
be seen that arginine is positively charged end the water 
soluble material showed only one spot moving towards the cathode
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at -0 .45 oms/hr which is therefore: most likely to he argi.nine. 
negatively charged compounds corresponding in position to 
lysine, histidine and try#ophan, hut the hreakdom of fCPA 
leaving a hroi-m streak on the paper before dipping, ohscured 
the reactions towards the anode end of the paper.
On the hasis of a ninhydrin sensiti\ri.ty of 1-10 
^grms/sq.cm. as the loading in these experiments was 0.25 grms, 
it can he said that arginine is prohahly present at approximately 
0 .0 4 on the strip of chromatogram used for hioassay at 
between '13-130 jugrms.
10. Suvars
. The water soluble material was run with sugar 
markers in a 48 hour descending :-^ n in Butanol/Acetic acid/water 
solvent in a preliminary experiment. Tentative identification
of sucrose, glose end frrctose were made on the basis of those 
results.
11. Phenols
ITo experiments to separate phenolic constituents 
were performed, but it is likely that the compound at pH O .5  
that goes from a blue to green fluorescence in ultra violet 
light on fuming the chromatogram with ammonia is phenolic in 
nature. Similarly the spot 3 in FIGURE 35 which gives a
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pink-grey with PeCl^ is likely to he phenolic,
j -
12. Ion Exchange columns for separation of the components 
of the Water soluble fraction
(a) Introduction
Ihe water soluble material was passed through 
cellulose and cellulose ion exchange coluimns in an attempt to 
specifically remove certain compounds from the water soluble 
fraction. It was hoped that the histogram patterns of the 
bioassay would change in a specific way and that it would be 
possible to correlate the absence of a compound, for example, 
tryptophan, irith the disappearance of a groTrth promoting zone 
on the chromatogram.
In order to do this satisfactorily one had to lonow 
whether a compound was * leaking’. If, for instance, one wa.s
I ■■
pa.ssing too much water soluble material through an anion 
exchange oolimin, all the exchange sites would be full and 
tryptophan which should be retained would appear in the eluade. 
Ihe first experiment with anion cellulose used a column 10 cms 
long, 2 cms diameter, it was loaded with the equivalent of 100 
grms fresh weight of water soluble material. Ihe column was 
washed with 400 ccs of distilled water, the eluate was at pH 9.8 
it was neutralised with 9*0 mis of h/10 H^SO^ and evaporated 
to a small volume. Material equivalent of 10 grms fresh wei^t 
was spotted on a chromatogram (the starting line was black) and
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after running in Bioassay solvent, color determinations were 
made. These showed the presence of tryptophan which had 
•lealced’ throu^ the column. Mention of the hioassay of this 
material is made later. The remaining experiments were done 
(described below) doubling the column length to 20 cms and 
halving the amount of water soluble material added to the 
equivalent of 50 grms fresh weight. Fo tryptophan was found • 
to be present on chromatograms of this material as determined 
by color testing. Treatment of the water soluble fraction on 
different columns is described below.
(b) Cellulose Columns
Columns of cellulose powder, 20 cms x 2 cms diameter 
were used, water soluble material equivalent to 50 grms fresh 
wei^t was added and the columns run with distilled water. 400 
mis of the eluate, golden yellow‘in color, was collected. It
had. a pH ranging from 5*8 - 6.2 and was ad. jus ted to pH 7.0 m t h  
f/10 FaOH prior to reduction to a small volume in the flash 
evaporator. This material will be referred to as the ’water 
soluble cellulose material*. The columns were white in color 
before and after the experiments.
(c) Cellulose phosphate (Cation) Columns
Columns of cellulose phosphate floe, 20 cms x 2 
cms were used. 50 grms fresh weight added and the column run 
with water end the pale yellow eluate collected. The 400 mis
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wi t h
OiSriki-CO WATER ;
FIGURE 38. DEAS (Anion) Cellulose column
after 50 grms fresh weight of
water soluble material has been
washed with 200 mis distilled water
à
h
Z.OCMS.
DCAE CELU1LC6E 
PtOC.
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herl a pH 2 .7 ~ 3.0 and after adjustment to pH 7.0 m t h  h/10 
HaOH it was flash evaporated , to a small volume. This material 
will he referred to as the ‘water soluble cation material’. The 
cation column which was white at the beginning of the experiment 
was faint yellow at the top after the experiment.
(d) HEAD (Anion) Cellulose columns
Columns of HEAD floe, 20 cms x 2 cms diameter were 
used. 50 grms fresh wei^t of water soluble material was added, 
the column run with water and the yellow colored eluate 
collected. At first 4OO misvas collected (later only 200 mis 
was collected, see section I5 following), it had a pH 9*5 - 10.5 
and was adjusted to pH 7-0 with from 8.5 - 14-0 mis of h/10 
H^SO. urior to flash evaporation to a small volume. This
2 4 -
material will be referred to as the ‘water soluble anion 
material’. The column which was white at the beginning of the 
experiment, had colored bands at the top a,t the end of the 
experiment. A diagram of a column after an experiment is sho^m 
in FIGURE 38 on the previous page.
13. Hioassay Resu3.ts
Material from the above columns wa.s chromatogramed 
and segments of the chromatograms bioassayed using the Avena 
internode and straight growth tests. The results of anion 
material are given later.
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FIGURE 39 shows Avena internode assays of Water 
soluble cellulose material and FIGURE 40 the comparison between 
Avena internode and strai^t groirth assays of similar material. 
The Ehrlich positive areas are marked. These FIGURES are very 
similar to those obtained with untreated water soluble material, 
shown in FIGURES 24-26. With the Avena internode test the main 
promotion occurs from R^ O.O5 - 0.3. Tvro out of three cf the 
Avena internode assays shown in FIGURES 39A end 4OA show an 
inhibitor R^ 0.00 - O.O5 which is absent from the untreated 
water soluble material. The Avena straight groi'ith test gives 
peaks at higher R^ values as does the Avena internode test.
FIGURE 41 shows two Avena internode assays of water 
soluble cation material, these are striking for their general 
lack of activity in comparison with the untreated water soluble 
material. In particular the low level of response from R^
0 .05 - 0.30 in the area which normally shows a response. The 
color reactions for this material show the lack of the purple 
Ehrlich reactor (tryptophan) normally occuring in this zone.
In contrast m t h  this picture is the Avena straight growth test 
picture she™ in FIGURE 42 two different amounts of material 
were used. Of particular interest here is the promoter at the 
starting line, the absence of activity in the tryptophan zone 
and the appearance of other large promoter peaks at higher R^ 
values, 0 .5 - 0.55 and O.8O - O.85. These latter promoters only
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FIGURE 39* Avena internode assay of water soluble 
cellulose material.
A and B 3*3’ grms fresh weight.
(Growth response as ^ controls plotted against R^.)
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FIGURE 40. Bioassay of water soluble cellulose material.
A. 3.3* grms fresh weight.Avena intemode test.
B. 3.3* grms fresh weight.Avena straight growth
test.
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FIGURE 41. Avena internode assay of water soluble 
cation material.
A, 3,3'grms fresh weight.
B. 3*3* grms fresh weight.
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FIGITRE 42$ Avena straight growth test of water soluble 
anion material,
A, 5.0 grms fresh weight,
B. 5.3' grms fresh weight.
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appear at F grm per strip loading, which is the maxiimm loading 
that can he employed and still retain satisfa,otory rimning 
properties in the Bioassay solvent. The detection of';these 
promoters at higher concentrations of the material show how 
easy it is to fail to detect active zones in chromatograms.
14* Chemical determination
Chemical determinations have been made on comparable 
chromatograms in the Bioassay solvent, the effect of different 
compounds on the presence or absence of certain identifiable 
components is given in TABLE 16. A cross represents the 
removal of a certain component in a chromatogram of material 
from a certain column, and indicates that it was retained hy tha.t 
column. A P represents presence on a chromatogram and non 
retention by the column. A question mark means that it was 
uncertain.
The amphoteric nature of BOPA end tryptophan is 
indicated, the difference in amounts of Amino acids retained by 
the cation and anion columns is a reflection of the greater 
exchange capacity of the former (see Chapter 2, section B (4))? 
and indicated the leakage of some amino acids on the anion 
column (but not tryptophan). The possible basic nature of 
Yellow Ehrlich Reactor Bo.2 is indicated by its retention by 
cellulose, it is however, not clear whether it is retained hy
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TABLE 16 The retention of certain components of the
water soluble fraction by cellulose and its 
derivatives.
components of 
the water soluble 
fraction
water soluble 
cation material
water soluble 
anion material
1
!
water soluble 
cellulose material
L _______________  .
iinlcnmm A
(d o p a)
X X
;
P I
i
union own B 
(tryptophan)
X •
1
X
Amino acids very little 
BIBEYDRIB 
R ^ 0 . 0 - 0 . 1
less than 
water sol. 
BIBEYDRIB 
R^ 0 .0-0 .4
similar to 
water sol. 
BIBEYDRIB j 
0 .0-0 .5
Y e l lo w  Ehrlich 
R e a c to r  Bo.l
P p
i
P
Yellow Ehrlich 
Reactor Bo.2
9 P X
Phenolic'compound 
R^ 0 .5 blue-green
u v~uv/b H^
(figure 27)
P X p
Phenolic compound 
gray/pink PeCl^
Spot 3, TABLE 14-
P X p
______________ — i
X = not present on sl chromatogram of the material. 
P = present on a chromatogram of the material.
? = uncertain whether nresent or not.
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cation and further experiments are required before this can be 
settled. The total non retention of Yellow Ehrlich reactor 
Bo.l suggests that it is neutral in nature.
The removal of the two compounds 5 described in 
section 11 as being phenoliciin nature, by the anion column 
only is further indication of their acidic nature.
15 • Botes on the J)EAE Cellulose separation
Particular interest has been focused on the Water 
soluble anion material because of the appearance of four Ehrlich 
positive zones on chromatograms of this material (details of 
and color given later). These zones are well spaced on the 
chromât0;gram and it has been possible to isolate the zones by 
running many large chromatograms, locating the zones b^ r 
developing strips at regular intervals in Ehrlich and then 
eluting the remaining untreated portions of the chromatogram 
into 80^ methanol.
The preparation of material in this way is laborious 
and time consuming, particularly as twenty columns of anion 
cellulose have to be run T^ rith water soluble material in order to 
obtain water soluble anion material equivalent to 1000 grms 
fresh weight of ori>g3.nal material. Some saving of time was 
obtained by an experiment which showed that the Ehrlich positive 
material in which I was interested appeared in the first 200 mis
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of eluate, (see section 12 (d) for a description of preparation 
of water soluble anion material). Attempts were made to 
prepare more water soluble anion material by using larger columns, 
20 cms X 5 cms diameter. These columns ran very quickly and 
the material collected when chromatogramed did not give a good 
separation as the starting line was very sticky. It appears 
that the narrower columns (2 crns diameter) retain some sticky 
material, possibly sugars, which maloes the chromatographic 
separation of material prepared on them much better.
Another idea was used to try to prepare the Ehrlich 
zones of the water soluble anion material in bulk. It was 
thought that perhaps the bioassay solvent system could be 
transferred to the column and make bulk separations possible. A 
trial run on a cellulose colume, 20 cms x 2 cms diameter, 
previously washed with bioassay solvent was used. lAA, 
tryptamine and tr^rtophan, whose E values in the Bioassay 
solvent are 0.81 - 0.88, O .44 and 0.22 - 0.26 respectively, were 
added to the column which was run with bioassay solvent, the 2,5 
mis fractions collected on the fraction collector, were spotted 
on papers and D'un in hioassay solvent. This gives a two 
dimensional effect, one dimension along the base line being the 
order of appearance of fractions from the columns. lAA came 
off the column first as wa.s expectedin fractions 15-22 and 
tryptophan in fractions 25-40* The trypkamine which should run
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between these two compounds did not appear, being retained, as it 
is when added to a cellulose column run T-jlth water, see Chapter 2, 
section B (4).
As the Ehrlich zones in the water soluble anion 
material were thought to be basic it was decided to run the
material I'Tith hi09,8say solvent on an anion cellulose column
preiH ously charged and washed with bioassay solvent to prevent 
their retention. Fractions were collected and chromatogramed as 
above. However, all the Ehrlich zones appeared at approximately
the same time from the column and so this method of separation
was put on one side. With further work this method could, one 
feels, be made to work satisfactorily. For the present time 
the method of eluting the material from paper chromatograms has 
to be used.
16. Identification of.the Ehrlich reactofs of the water 
soluble anion material
(a) Introduction
As mentioned previously in section 12, the 
experiment of adding water soluble material (lOO grms) to an 
anion cellulose column 10 cms x 2 cms diameter, resulted in the 
leakage of tryptophan, other than the purple of this compound 
and the yellows of Yellow Ehrlich reactors Bos. 1 and 2, no 
other Ehrlich positive zones were obtained. However, bioassay
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of chromatograms of this material using the internode assay 
resulted in a great amount of groT-rfch activity, see FIGURE 43. 
However, when internode assays of material prepared hy running 
half the water soluble material ($0 grms) do-^ m twice the length 
of column (20 cms) the picture is quite different, there being, 
much less activity present, FIGURE 44 and FIGURE 31 (later).
The Ehrlich reactions are marked on these chromakograms.
The striking difference between these two sets of 
chromatogram bioassays is explicable as follows. On the anion 
column certain acidic growth promoters are formed from water 
soluble precursors.If the column is overloaded and all the 
exchange sites occupied, the column * leaks * these compounds and 
also tryptophan; these compounds give a growth pattern, see in 
FIGURE 43. If, however, the anion column is not overloaded 
(as in the later experiments) the acidic groi-rth promoters and 
tryptophan are fully retained and the chromatograms resulting 
from bioassay of this eluate show less activity in the internode 
test, see FIGURES 44 and 51*
As it is suspected on this hypothesis that acidic 
growth promoters are retained on the anion column, it was eluted 
with M/2 0  BagSO^ and this eluate taken to pH 3.0 and extracted 
with ether, the water soluble material was then neutralised and 
chromatograms of both fractions run. Tryptophan was detected 
in the water soluble fraction but no other Elirlich reactors
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FIGURE 44* Avena intemode assay of water soluble 
anion material.
A and B. 3*3* grms fresh weight,
(Growth response as ^ controls plotted against R^.)
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were found in either fraction. IMfortunately, time did not 
allow hioassay of this material, hut either these promoters 
formed from the water soluble material on the anion column are 
broken down on elution or not eluted; or else they are eluted 
and are not indoles (no Ehrlich positive zones f o u nd or they 
are indoles hut do not occur in sufficient amount to give a 
color reaction, or do not give a color reaction. Further 
investigation of this eluted material is an important priority.
%#ien the anion column is not overloaded, the 
chromatograms of the resulting material show as mentioned 
previously (section I5) four Ehrlich positive zones. These zones 
have been called An^, An^, An^ and An^. heaause of the fact that 
they appear in material from an anion column. They are defined 
in the first place hy their Ehrlich color reactions and their 
characteristic and reproducible values, see FIGURE 45*
An-| has a complex behaviour, normally on a one 
dimensional chromatogram it is a single extremely narrow band, 
never more than 2-5 mms. giving an immediate pink/purple color, 
a narrow band of purple nearer the starting line, and next to it 
a pink band (see FIGURE 45A) . The extreme narrowness of this 
band is unique in my experience of chromatography of indole 
compounds, a band or spot of 1-2 cms diameter being more usual.
The R^ of this band is O.IQ - 0.22. Sometimes however two bands 
occur in this zone, one very narrow pink band ar R^ 0.12 - O.I5
y. 218
and a wider band, also pink in color, I-I5. cms broad at R^
0 .19 - 0 .22, that is to say the same .R^  as described above (see 
FIGURE 45B) . It appears therefore that in zone An^ there are 
two compounds which sometimes separate and sometimes do not, in 
a one dimensional run. Further evidence for this will be 
presented la,ter, see FIGURE 54* Al.so in this zone is a 
compound similar to and probably the same as Yellow Ehrlich 
reactor Ko.2. % e n  zone in^ is referred to then it must be 
remembered that it has at least three components. >Jhen the 
pinlc Ehrlich reactors are separated they are called An, ,
(narrow pink R^ 0.12 - O.I5) and An^  ^ (pi^" R^ 0.19 - 0.22).
All this is shown in FIGURE 45*
An^ zone gives an immediate pink which fades and 
then is replaced by a permanent pink, its R^ ranges from 0.32 - 
0 .39* This zone is not always detectable.
An^ zone* gives an immediate strong pink which fades 
to a purple which is stable for a few days. Its R^ is O .48 -
0 .60.
An^ gives a weak pinlc color, not always detectable, 
its R^ value is 0.68 - 0.72. As mentioned previously a diagram 
of these zones is given together m t h  the positions of tryptamine. 
tryptophan and the Yellow Enrlich reactors Kos. 1 and 2.
As previously described,quantities of these zones 
were prepared by elution from chromatograms. Further work on
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the identification of these zones is described below. Concen­
trations of the material are given in terms of the fresh weight 
of the original material.
(b) Spectrophotofluorimetry and uv spectroscopy
Material eluted from chromatograms was examined, 
at the same time material from the same position on blank chroma­
tograms was examined.
Zone An^ contained a compound which showed an 
absorption maxima at 265 mju, see FIGURE 48. The concentration 
being equivalent to 8 grms fresh weight/ml. At the highest 
concentration of blank material (200 grms fresh weight/ml.) a 
peak was observed at 225-230 mgi/n this peak was common to blanks 
from all four zones of the chromatogram and is probably due to 
compound eluted from filter paper. However, as can be seen 
from FIGURE 48, at a concentration of 8 grms fresh weight/ml. 
this peak is not significant. All the ultra violet spectra were 
measured at pH 7.O in citrate/phosphate buffer using the same 
buffer in the reference cell. Zone An^ also contained a 
fluorescent compound, excitation maximum at 350 and 
fluorescent maximum 430 m ^  The dilution curve of this compound 
is given in FIGURE 47* The almost linear relabionship between 
fluorescent intensity and concentration over range examined, 
indicate the absence of interfering compounds. It was originally 
intended to perform bioassays on the material described above and.
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FIGURB 46. Ultra violet absorption spectra of compounds 
in zones An^ and An^ in pH 7.0,
(An^ equivalent to 8 grms fresh weight/ml,
An^ equivalent to 12,5 grms fresh weight/ml.)
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shoT’TTL in FIGURE 47j a fail'ure of the Avena coleoptiles to grow 
properly prior to harvesting made this impossible. However, 
both internode and straight groTrth tests were performed on 
similar eluted material and these experiments are described (c) 
to follow. The effect of pH on the fluorescent intensity of 
compound 350 n j j  is shown in FIGURE 48, this compound
shows no change in excitation and fluorescent maxima with pH.
The presence of a compound absorbing at 265 mjj in tlie An^ zone 
and of another compound excited at 350 myU; makes it likely that 
if a fluorescent indole compound (similar to those I have 
exajiined) were present it would be difficult to detect because 
of the inner filter effect of the other components.
Zone -An^  contained a compound m t h  an absorption 
peak at 280 wju, see FIGHHE 4^9 end a fluorescent compound with 
its excitation peak at 315 and fluorescent peak at 340 
This compound showed a linear relationship on dilution between 
fluorescent intensity and concentration, but such that a tenfold 
dilution did not result in the corresponding tenfold diminution 
in fluorescent intensity, which is usual, see FIGURE 47- The 
relationship between pH and fluorescent intensity for this 
compound is shown in FIGURE 48, no change in excitation of 
fluorescent macdma were observed.
Zone An^ contains a comp bund idth an excitation 
maxima, at 280 m jU and a fluorescent maxima, at 330 myü. the former
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FIGURE 48. The effect of pH on the fluorescent intensity of 
compounds in zones An^ and An^.
( An^ O  O  20 grms fresh weight/ml,
An^ #'-----#  20 grms fresh weight/ml,)
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ms.:dLinujTi is timical of indole excitation and the fluorescence 
maximum is of slightly shorter wavelength than of knoT-m com­
pounds examned. The relationship between pH and fluorescent 
intensity for this compound is given in PIGTIRH 49- The rise 
in fluorescent intensity at pH 12.0-14*0 is unusual. The 
relationship between fluorescent intensity and pH for trj^tophan. 
determined at the same time is given for comparison. The 
relationship between concentration and fluorescent intensity is 
given in FIGURE 47* Absorbance at 15 grms fresh weight/ml. 
at 280 mf/ was 0.0454 snd. at 330 mfj ^  0.004, the lack of linearity 
at higher concentrations is imlikely to be due to inner filter 
effect.
Zone An.. contained a compound m t h  similar 
4
excitation and fluorescent maxima to An^ but T-rith a different 
relationship between pH and fluorescent intensity, see FIGURE 49* 
The relationship between pH and fluorescent intensity is given 
in FIGURE 47* Absorbance at 15 grms fresh weight/ml. for this 
sample was 0.0452 at 280 njj and 0.0012 at 330 mfJ
The ultra violet spectrimi of tr^fptophan determined 
on the same instrument in pH 7*0 citrate/phosphate buffer is 
given in FIGURE 50 for comparison. A d.i s o ils  si on of the 
contribution of this data to the identification of compounds in
zones An, . is given in Cha.pter 4.1-4
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FIGURE 49« The effect of pH on the fluorescent intensity of 
compounds in zones Ary and An^ .
( An^ O  O  5 grms fresh weight/ml*
An^ • 20 grms fresh weight/ml.
tryptophan ^ --------1 x 10 ^ M is plotted
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FIGURE 50. Ultra violet absorption spectra of tryptophan 
at 1 X 10“^ M pH 7.0.
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(c) Bioa^ssays of the water soluble anion material 
Bioassays of the water soluble anion material
have heen mentioned pre-^ /iously in section 16 (a). FIGURES 
and 51 show Avena internode assays of water soluble anion 
material, the Shrlich positive zones An^ . are marked to
1-4
indicate the possible correlations between growth activity and
color reaction. Assa^^s of the same material Tiith the straight
groTrfch test, FIGURE 52, show more activity but a similar
pattern, >rith the exception of the appearance of a growth
promoter at the origin R^ -0.05-0.1, (compare this with FIGURE
42 which shows a similar peak, this peak is absent from chroma.t-
ograms of untreated water soluble material end water soluble
cellulose materid^^ FIGURE 53? shows the relationship between
concentration end response in the bioassay tests of material
eluted from zones An., ..1-4
(d) Chemical determinations
Chromatograms of the water soluble anion material 
were tested with different reagents to try to discover more of 
the chemical natune of zones An^__^. TABLE 17 gives the results
of these tests, it is important to note that An^ ran as a single 
band on these chromatograms, see FIGURE 45A. The significance 
of these tests is discussed in Chapter 4*
(e) Solvent partition and ion exchange column behaviour 
The water soluble anion'material was extracted with
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FIGURE 51. Avena internode assay of the water soluble 
anion material.
A and B, 3.5' grms. fresh weight.
(Growth response as % controls plotted against Rp.)
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FIGURE 52. Avena straight growth test on water soluble 
anion material*
A. 5 grms. fresh weight,
B, 3*3* grms. fresh weight.
230
150-
c/î
0
1
U.
O
130-
/lO-
L
10. 5-Z-5
FIGURE 53A,
10. 5 2:5
‘XAn
10. 5. 25 
Ra3
j .
»0. Ç. I S
or
I
o
o:
ü>
/5?i
130-
1101
40-
10.5 15 
An,
FIGURE 53B.
10.5 15 
flnx
10.5.2-5 io.ç.is
An.
FIGURE 53. Assay of Zones An^ ^ at three concentrations,
A. Avena intemode test.
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TABLE 17 The color reactions of zones In, . of
1-4
the water soluble anion material. **
chemical test An^ ^ 2
--------
%  1
Ehrlich pinlc/
purple
immediate
pink
pink .'.pink
Modified Ehrlich pink/
yellow
yellow yellow yellow
6-OH indole test yellow - — -
%  dinitrophenylhydrazine
orange/
red
—
Uinhydrin/acetic acid intense 
pink/ purple 
no fluorés.
- - — ! ._
UIUHYLKIU purple* pirrple* - —
Xamthyd_rol pink blue blue -
Acid oxidising reagent - - - -
p-nitraniline pink — -
!
* not cleaxly associated with the ha,nd.
** a negative result may always he due to insufficient 
concentration.
- means no color detected.
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ether at pH 3.0 and at pH Q.O and the water soluble material
after neutralisation and the ether soluble extracts were
chromâtogramed and color determinations made. Hie results are
given in TABLE 18 together with the results of riming water
soluble anion material through ion exchange cellulose and
cellulose columnsj to see if any columns would reta.in An^ ^
specifically. The retention of all four zones by the cation
column indicates their basic nature5 but their non retention by
cellulose indicates that they are not similar in this respect to
the basic indoles, gramine and tryptamine which are tetained
both by cellulose and cation columns.
(f) Chromâtography
One of the principle objects in the chromatography
of this material was to see if the compounds in zones An, . were
1-4
interconvertible. The‘zones were eluted and re-run, An^ and 
An^ showed negative results m t h  the Ehrlich test, but An^ end 
An^ showed bands in the original positions. It was felt that 
a better way to test the possibility of interconvertibility was 
to run the water soluble anion material two dimensionally using 
the bioassay solvent in both directio'^s. FIGURE 54 shows the 
results of this experiment, values in both directions are 
marked. The e:cperiment was repeated three times. It can be 
seen that the two components of An^ described previously, 
separate clearly from each other and from Yellow Ehrlich Reactor
TABLE 18 The effect of column and solvent partition
treatments on the presence or absence of 
zones A n ^ o n  chromatograms.
P = present; - = absent, ? = uncertain
Cellulose
column
Anion
column
Caption
column
Ether
sol.
pE 3.0
Water
sol.
pH 3.0
Ether
sol,
pH 9.0
Water
sol.
'pH,9.
toi P P - - P - P
tog P P - — P — p
to^ p P‘ - - P p P
to4 ? P - — P - P
Yellow Ehrlich
reactor Ho.2 ? 
1
p, 7 P ?
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FIGURE 54. Two dimensional chromatogram of water soluble 
anion material.
( The solvent in both directions is iso-butanol/ 
methanol/water, the paper is prewashed Whatman * s 
3mm. Material equivalent to 5 grms. fresh weight.)
¥0.2. It shows the way in which An^  ^rides on the hack, so
t o  s p e a k , o f  An. _ i n  th e  f i r s t  d i r e c t i o n .
(g) Electrophoresis
Electrophoresis of eluates from zones An^ .1-4
e q u iv a le n t  t o  50 grm s f r e s h  w e ig h t  o f  e a c h , was p e r fo rm e d  a t  pH 
1 . 9, see  FIGURE 55? a nd  a ,t pH 1 1 .5 ?  see FIGURE 5 ^ .  The s p o ts  
m t h  E h r l i c h  a re  m a rk e d , i t  i s  d i f f i c u l t  t o  c o r r e la t e  th e  s p o ts  
f ro m  zo n e s  A n^ a nd  A n^ w i t h  s p o ts  on  c h ro m a to g ra m s . These  
r e s u l t s  a re  d is c u s s e d  i n  C h a p te r  4 -
‘ 17. Fate of DORA and tryiptophan on USAS (Anion) cellulose
columns
It has heen considered that the zones An^ . might
1-4
he a result of hrealidoim products - from the DORA and/or tryptophan 
content of the water soluble fraction when run on anion cellulose
1
columns. Tvro columns of anion cellulose were prepared identical 
to those used for the preparation of water soluble anion material. 
To one column was added 3 ml. of L tryptophan lO"^ M (equivalent 
to 612 u^grms of tryptophan or to the tryptophan content of 50 grms 
water soluble material) and to the other, 9 mis of DORA 10  ^M 
(equivalent to 1,773 jugrms of DORA or to the DORA content of 88 
grms of water soluble material). Both these columns were run 
with distilled water, and the eluate 200 mis pH 5 *9  was collected 
and neutralised prior to being reduced to a small volume,
loir»
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Chromatograms of the tryptophan and DOPA eluates j (1 /5 of the
total original material)uere run in hioassay solvent. Wo
reactions were obtained ifith Ehrlich, p-nitraniline, EeCl^ or
ninhydrin. This suggests that An., . are not formed from DOPA
j.—4-
or tryptophan. However, the possibility cannot be ruled out 
that DOPA and tryptophan form new derivatives on the anion 
column when running as part of the water soluble fraction. I 
feel that running a combination of DOPA and amino acids on the 
anion column is worth trying and the matter is further dis­
cussed in Chapter 4* The DOPA causes a deep red broim band to 
form at the top of the anion column and this no doubt forms a 
part of the general discoloration caused by water soluble material 
illustrated in PIGURE 38. A further approach to this possibility 
has been made in a preliminary study of the oxidation products of 
DOPA, this is described below.
18. The oxidation products of 3,4 dihydropcvpheny 1 alahine
(a) Oxidation reaction
Oxidation of DOPA in the presence of phenol oxidase 
Paper and Speakman (1926) Evans and Paper (193?) and Ma.son (1948) 
or by silver oxide, Duliere and Paper (1930) leads to the 
formation of a red pigment. Enzymatically this pigment is 
converted into melanin. In the absence of enzyme, it has been 
shoT-m that the pigment may rearrange into either 2-carbosy,
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5,6 dihydroxyindole or to 3,6 dihydroxyindole, Paper (I927).
The oxidation reaction used in this investigation is described 
below.
First the silver oxide was freshly prepared, I5 
grms of silver nitrate were dissolved in 100 ml of distilled 
watefy 5 mis of 7W WaOH were added and the black precipitate was 
separated by filtering throu^ a Whatman Wo.42 filter paper, 
more 7W WaOH was added to the eluate and the precipitate again 
filtered off. The combined precipitates were washed with 200 
ml. distilled water,. 100 mis acetone and >rith 100 mis of dry 
ether and stored in a. desiccator until use. The silver oxide was 
then added to a solution of 100 milligrams of DOPA in 300 mis of 
water and left to stand at room temperature for five minutes, 
after which the solution was red in color, after the silver oxide 
has been removed it was stored overnight in an evacuated flask.
The solution was still red in color and there was some black 
precipitate which was removed by filtering through sintered glass. 
The red eluate was taken to a small volume, 3.5 mis of red broT-n 
solution. This solution was kno-^m as the oxidation products of 
DOPA.
(b) Chromatography and Chemical identification
Chromatograms of 0.1, 0.2 and 0.8 mis of the above 
solution were run in the Bioassay solvent. Under the ultra 
violet light, four distinct bands (between 3-7*5 mras in width) were
240
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observed and called 1, 2, 3, 4* The values of these bands 
and their color reactions are shotm in TABLE 19- The dinitro­
phenylhydrazine reagent gives no reaction. A band between 
band 1 and 2 gives no fluorescence, but a positive ninhydrin 
reaction and a green color with lôCl^, due to unchanged DOPA.
. These color reactions, TABLE 19? give evidence of compounds >rith 
an indole nucleus and it is interestingsto note the extreme
narroimess of the bands which remind one of An, ,.
-L # J-
(c) Bioassav
A 2 cm. strip of chromatograms 2 and 3 (see TABLE 
19) were bioassayed with the Avena, internode test. The results 
are shown in FIGURE, 37? the positions of the bands are'marked. 
The main activity is associated m t h  the bands marked, although 
some activity is seen at higher values. An Avena strai^t 
growth test has not been'done on this material ; it would be 
interesting to see if this showed zones of activity.
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TABI'E Details of the values and color reactions
given hy the oxidation products of 3 ,4  
dihydrox^rphenylalanine.
Wo. of the Band
.V:
1 . 2, 3. 4*
loading of 
chromatogram 
milligrms of 
orig. DORA.
22.8values Expt. 1 0.01 0.10 0.13 0.22
Expt. 2 0.01 0.07 , 0 .12 0 .19. 2.83
Expt. 3 0 .02 0.07 0 .16 0.19 5.90
color in uv. purple
/white
yellow yellow
/white
purcple
color in uv.after 
WE^ fuming nc) signif"leant c>Langes
visihle^color. V hr own/ 
black
yellow yellow purple
Snrlich reagent.
1
yellow purple blue
Winhydrin
reagent. —
pale
purple* purple* —
P-Witraniline
reagent. - purple* purple* -
* color is not clearly associated with 
the hand.
lOOl
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A. 2.35 milligrams original DOPA.
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Growth response as ^ controls plotted against .
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SECTIOW G. THE C0R3ELATI0W OF BIPASSAT AWD FLUORDÆBTRIC ANALYSIS
1. Introduction
In Chapter 2, in the section on spectrophoto-
fluorimetry, the value of being able to do bioassay and
fluorimetric analysis on the same sample has been stressed, and
the way in which this could be used to distinguish between lAA,
indole-3-propionic acid and indole-3-butyric acid was discussed.
In this section preliminary data is presented to show how this
dual analysis can be used. successfully. The relationship
between bioassay and fluorimetric analysis of lAA is discussed,
the application of this approach to distinguishing isomers of
tryptophan is given. Furthermore, some results on the column
chromatography, bioassay and fluorimetric assay of water soluble
and ether soluble fractions of some extracts of white cabbage
1
are presented. It was originally hoped that it would be possible 
to study extracts of bean roots in a similar manner, however the 
separations obtained on columns were not satisfactory and the 
presence of many different compounds in the same fraction made 
the results of the fluorimetric assay complicated and liable to 
error. It was decided that the approach was impracticable. It 
is an extremely difficult process, as I have described,to 
isolate growth promoting substances from bean roots in sufficient 
amount or purity for satisfactory fluorimetric examination.
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2. Indole-3-acetic acid 1-
In FIGURE 58 the results of four separate
hioassays of concentrâtions^of IM, lO"^ -10*"^ M, are plotted
against the fluorimetric dilution curve of LAJ in hioassay
buffer, the figures for the fluorimetric analysis are the same
as those used for FIGURE 4* It must be made quite clear that
fluorimetric analyses were not made on each solution used for
bioassay. However, the bioassays were all performed on
solutions prepared from the same stock solution of lAA 10~^ M
as was used for the fluorimetric dilutions.
The FIGURE 58 nhows how the limit of sensitivity
of the bioassay test was slightly lower than the limit in the
fluorimetric test at pH 5*0. The linear relationship between
log. fluorescent intensity and growth response is lost at
concentrations ^  10  ^M' in both tjrpes of assays, but region of
linear relationship between assay and concentration is similar
-5 -8
in both types of assay, 10 M -2 x 10 for fluorimetric assay,
/r o
see FIGURE 4, and 10 M - 10 M for the Avena .intemode test.
3. D,DL or L tr;^rptophan?
As the fluorescent characteristics of the different 
isomers of trj^tophan are similar,it is not possible to 
distinguish between them on the basis of fluorimetric analysis 
alone. Witsch and Witsch (1958) however, published dnta which
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FIGURE 58. The relationship between the Avena intemode assay 
and the fluorimetric assay of solutions of lAA.
(0 mean of 8 assays, the position of the log. of 
fluorescent intensity of 10~4 ^ XAA is approximate.)
'f. 246
showed that the response of the Avena internode test to the D, DL 
and L forms was different. The response at concentrations of 
10  ^and 10  ^M was greatest to the L form and least to the D 
form, with the response to the DL form being intermediate. It 
was therefore thought that it mi^t be possible by combining 
fluorimetric and biological assay to distinguish the two forms, 
when material that could be weighed was not available.
Unfortunately, throu^ lack ofttime, it was not 
possible to test the tr^mtophan isolated from bean roots and so . 
determine its isomeric form. Thurman and Street (I960) present 
data on the basis of a microbiological determination that suggests 
that tryptophan occurs in tomato root extracts in the L form. 
Solutions of knoT-m compounds were prepared and the results of 
bioassays of 10 ^ -10  ^M solutions plotted agahnst the log. 
fluoriscent intensity at'pH 5*0 are shoi-m in FIGURE 59*
In these tests. Blender Oats were used for the 
intemode test instead of Victory 1 used in other assays, (Uitsch 
and Hitsch (1960) use var. Brighton). It was found in these 
tests that DL and L forms gave the same response but that the 
D form had less groT-rth promoting activity.
4. The results from some experiments on Cabbage extracts
(a) Introduction
A few notes on technique are necessary before the
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FIGURE 59. The relationship between Avena internode assay
and fluorescence assay for solutions of tryptophan.
O DL tryptophan, mean of 8 values.
A  L tryptophan, mean of 8 values,
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results in this section are presented. The hioassays Tære 
done T'Tith Avena internodes using var. Blender, 10 sections were 
used in each vial and the 2-5 ml. fraction from the column was 
buffered to pH 5*0 with 0.5 ml. of the appropriate concentration 
of phosphate/citrate/sucrose buffer. It should be noted 
however that the fluorimetric readings were taJken before the 
solutions were buffered and the pH of these solutions varied 
from pH 5*0 - 7.0. The fractions collected from the fraction 
collector are not always precisely 2.5 mis so this is also a 
source of error.
The material used was taken from the inner colorless 
leaves of white Gabba,ge and ground up in 80^ methanol at room 
temperatures. At these temperatures some lAlT was formed, as 
suggested by the work of Virtanen (1962b), (see discussion 
Chapter l). However, these experiments were carried out prior 
to the publication of this work. The water soluble and ether 
soluble acid and neutral fractions were obtained by the 
traditional partition separations described in Chapter 2.
(b) Bioassay and fluorimetric results '
Material equivalent to 2 grms fresh wei-^t of 
cabbage was used and the fractions equivalent to that amount 
added to the tops of columns of cellulose powder 56 eras, x 1 
cm. diameter. The first ten fractions of each run were blank, 
and were used as controls for the bioassay and blanks for the
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fluorimetric analysis. The cellulose columns were washed to 
obtain satisfactory blanks before the plant extract was added. 
Thirty-ei^t fractions were collected in each case.
FIGURES 60-63 show the fluorimetric analysis and 
bioassays of the fractions collected. 28o/350 written over 
the fluorimetric assay means that the excitation maxima of the 
compound in that fraction was 280 idjj and the fluorescent maxima 
350 mj/., and that the readings of. fluorescence were taken at 
those peaks.
FIGURE 60 shows the separation of lAA and lAlT,
1 .5 grms of each, FIGURE 6l the separation of water soluble 
fractions, FIGURE 62 of the acid ether soluble compounds and 
FIGURE 63 of the neutral ether compounds.
The water soluble compound 285/36O, Fractions 
18-24 (see FIGURE 61) is'interesting in that as the fluorimetric 
assay is performed the readings are continually increasing.
This is not due to the formation of another fluorescent product 
T-7ith different excitation and fluorescent maxima, as in the case 
of BOPA at alkaline pE values^ but is due to an increase in the 
amount of compound 285/360 itself perhaps photochemically from 
a non fluorescent precursor.
Fractions 22-37 of the water soluble material 
contain a compound 28o/355 which is on the basis of its
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FIGURE 60 Ihe separation of lAA. and LAM on a
cellulose coluran, 56 cms x 1 cm diameter. 
The column is run with water and the 2.5 
ml fractions assayed fluorimetrically and 
with the Avena internode test.
A. Avena internode test.
’ ’ B. Fluorimetric analysis.
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FIGURE 62, The separation of the acid ether fraction of 
Cabbage on cellulose column, (see FIGURE 6C.)
A, Avena internode assay.
B. Fluorimetric analysis.
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fluorescent characteristics and hioassay response indolic in 
, nature. ITothing further can he said about the nature of these 
compounds, but it would be interesting to repeat the experiment 
m t h  extraction techniques advised by Gmelin, and do further 
work on their identification.
The acid ether soluble fraction, FIGURE 62, showed 
very little fluorescence biological activity. The biological 
activity that is present shows closer: correlation to the compound 
285/360 than to 320/380 which occurs in the same fractions. The 
compound 285/360 occurs in the same fractions as IM, but the 
fluorescent maxima of lAA is 365 m
The neutral ether fraction (see FIGURE 63) contains 
two compounds with fluorescent properties, compound 285/345 
Fractions 21-25, not biologically active and compound C, 280/35O 
Fractions 26-34 with biological activity. Material from 
fractions corresponding to fractions 26-34 has been examined 
further and found to contain LAIT, (see next section).
In order to obtain accurate correlations between 
the two types of assay, it will be better to group the fractions 
containing similar fluorescent material and do accurate dilutions 
and fluorimetric and biological assays concurrently on these 
samples.
(c) Identification of Ihdole-3-acetonitrile
As mentioned above, compound C (FIGURE 63) was
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thou^t to be IM. To confirm this a portion of the material 
was hydrolysed for 30 minutes with 7M RaOE at 100° C. (it is 
known that this treatment converts I M  into I M ) . The 
hydrolysed material was extracted with ether at pH 3.0 and is 
called unknown D Bata for the excitation and fluorescent 
maxima, values and color reactions and behaviour on anion and 
cation cellulose columns is given in TABLE 20 below.
TABLE 20 R^ values, color reactions and activation 
and fluorescent maxima, (in millimicrons) ofx 
indole-3-acetic acid, u h k n o jn  C, indole-3- 
acetonitrile and unlm oT-m  B.
1 a c t i v  
j A  max
f l u o r  
^  max 7 "
c o lo r
EERLICE
A n io n
c o lu m n
r------
C a t io n
co lu m n
i n d o le -3- a c e t i c  a c id 285 365 0.00 p u r p le r e t a in e d -
■unknown D. 285 365 0.88 p u r p le r e t a in e d —
i n d o l e - S - a c e t o n i t r i l e 280 350 0.76 p in k - /
■unknoi'in C. 280 350 0.76 p in k — -
* solvent-i8opropanol 4 water 1. Rhatman^s Ho. 2. paper.
- = passes throu^.
From this data it is clear that compound C is likely 
to be an lAH- and the hydrolysis product unknown B, IM. The
relationship between pH and fluorescent intensity for these 
\ -
four compounds is shown in FIGURE 64 which further confirms the
identity of unknown C as IM,
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CHAPTER 4« DISCUSSION
There are in this discussion a number of 
unanswered questions. This present work has, I feel, reached 
the state where the means to do much more have been provided 
and many of the questions which I have asked could be answered 
by further work. I have in parts speculated as to the possible 
functions of different compounds in the auJO-n biogenesis of 
the root, some of these speculations may be unwarranted, but they 
do suggest possible lines of further work.
In this discussion of the aux3.ns of Vicia faba 
roots, it will be difficult to compare these results with work 
of previous authors because of the differences in extraction 
and chromatographic methods used and the different ages of the 
roots extracted. However, Most (I962) in work on the water 
soluble fra.ction employed similar techniques to those used in 
this work. Tbe material was three day old root tips, extracts 
of these were bioassayed by the Avena internode test, (ether 
soluble material) and the coleoptile straight groT-rfch test,
(wa.ter soluble material).
Avena internode and coleoptile straight g^roi-rth 
assays of the water soluble fraction of bean root extracts have 
shorn the presence of a number of growth promoting zones on 
the chromatograms. Tbe zone from 0.0 - 0.3 contains the
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majority of the activity of this fraction, sometimes the area 
'shows a double peak and sometimes a single peak. This zone 
corresponds to the and of Most (I962). Other areas of 
activity occur at values, 0.35 - 0.55 snd 0 .6 - 0 .8 , these 
areas are less regular in appearance and probably correspond 
to and W^\of Most (1962). Occasionally an inhibitor occurs 
at 0.8 - 1.0. Attention has been concentrated on the promotion 
zone 0 .0 - 0.3 and efforts have been made to identify the 
chemical compounds which occur in this zone and might be 
responsible for the groi'ith promotion. The occurence of three 
Ehrlich positive areas in this zone is of particular interest.
It has been shown in Chapter 3, section 3, that 
the purule Ehrlich positive reaction is due to tryntophan and 
a preliminary fluorimetric estimate of tryptophan content has 
been made. It is interesting to compare the estimated 
concentration of 12.2 ^ grms/grm fresh weight with the value 
obtainedly Thurman and Street (i960) of 4 fjgrms/grm of fresh 
weight of excised tomato roots. It.would appear that the 
concentration of tryptophan present on the chromatograms accounts 
for a large part if not all of the groT-rfch promoting activity 
found at 0.0 - 0.3. It is clear from work on the two
dimensional separation of the fraction, (FIGURE 35)? that 
tryptophan is likely to spread over this area in one dimensional 
chromatograms.
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As mentioned previously, Most (1962) found that 
the groTTth activity R^ 0.0 - 0,3 formed two peaics, which he 
called and W^. He comments that the purple Ehrlich reaction 
corresponded in his work to the dip between the two peaks. It 
is not, however, clear that color determinations were made on 
each occasion. I have found that sometimes there were two 
peaks of growth promoting activity and that th&jpurple Ehrlich 
reaction occirred in the dip between the two peaks. On other 
oceasions only a single peak of groTvfch promoting activity was 
found which corresponded exactly to the purple Ehrlich zone.
It is important j:o decide whether there are two separate groifth 
promoting compounds in this area which are sometimes separated 
chromâtographically and sometimes not. Evidence for compounds 
behaving in this way is found in another section of this work, 
where An^ zone sometimes separated into two compounds and 
sometimes did not (see FIGURES 45 and 5 4 ) .  This imperfect 
separation of compounds in one dimensional chromatograph^,^ 
has been put forward by Thurman and Street (I960) to explain the 
occurence of the so called interconvertible auxins4 This 
matter is discussed later. IH-ro dimensional chromatograms of 
water soluble material, FIGURE 35? do show that compounds 
separate imperfectly on the first direction, and this can account 
for the different relative positions of compounds in a limited 
' area such as R„ 0.0 - 0.3. on different occasions. When the
f -
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water soluble material is spotted onto the origin of a 
-chrom.atograjn it is sometimes rather viscous due to the presence 
of sugars and other unknoim materials. This viscosity varies 
on different occasions and influences'the chromatographic 
séparation of other compounds present in the water soluble 
material.
From the evidence obtained it is felt that 
activity at the zone under discussion is due to tryptophan 
alone, but the response to and the detection of tryptophan 
can be changed in different ways. Three suggestions are put 
forward: firstly, that tryptophan is spread over nearly the
whole area, and that interference in the color reaction by 
other compounds present leads to the assumption that trjp»tophan 
is limited to a narrow area, whereas in fact it is spread over 
_ a wider area. Certainly the values of this purple zone
range from 0.15 - 0.28. Secondly, that the uptake of tryptophan 
by the bioassay sections is influenced by the presence of other 
compounds, it has been shoim that amino acids are present in 
, very high concentrations on these chromatograms. - Thirdly,
Henderson and Hitsnh(l926) have shown that the growth response 
of Avena internode sections to tryptophan is considerably 
increased by the presence of ortho dihydric phenols in the 
g;;; T solution. They thought that the dihydric phenols would augment
the presence of lAA both by enhancing its synthesis from
rr-}.
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tryptophan and hy inhibiting its destruction by an lAA oxf.dase 
enzyme system. Most (1962) has suggested that if ortho 
dihydric phenols are present on either side of tryptophan, 
then some of the growth promoter in this area may be the 
result of the fortuitous juxtaposition of tryptophan and a 
suitable phenol on the chromatogram. If there are two such 
phenols this could give a double peaJced aspect to the groT-rfch 
promotion in this zone.
Running just behind tryptophan (nearer the origin) 
is a phenolic compound which has been identified by different 
analytical techniques as DORA, a dihydric amino acid, which may 
play some part in such an interaction described above. The 
possible importance of this type of interaction between DORA 
and tryptophan in the intact bean plant is discussed later.
Some neutral solvents tested near the end of this work (see 
TABLE 9) give much better separations of DORA and tr^rptophan 
than the present Bioassay solvent. Bioassays of water soluble 
material run in these solvents mi^t show a reproducible single 
pealc of groi'rth promotion associated with the purple Ehrlich 
reaction. This area could then be eluted and fluorimetric 
analyses and bioassays performed on the material. If the
relationship between these two methods of assay was the same 
as that obtained for authentic tryptophan, (see Chapter 3? 
section C), it would suggest that tryptophan alone was
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responsible for growth promotion at this zone on the
' ■ r - .
chromatogram. If any new gro-wth promoting region was found 
with the new solvents it could be investigated further. The 
interaction between DOPA and trjnptophan in the bioassay tests 
should be investigated.
_ -Booth (1958) has shown that when sucrose is
\
absent from bioassay medium, sugars present on chromatograms 
of plant extracts are capable of stimulating Avena coleoptile 
sections. Although sugars have been shoT>m to be present in 
the zone 0 .0 - 0 .3 , it is thought that the inclusion of an 
optimal amount of sucroseiin the bioassay medium makes it 
unlikely that any part of the response at this zone is due to 
sugars being present.
Amino acids (other than tryptophan) which are 
present on the chromatogram in this zone mi^t stimulate the 
groT'fth of coleoptiles or intemodes. Hitsch and ITitsch (1955) 
have sho^n that at 10 ^M, arginine, methionine and glutamic 
acid stimulate the groT-rfch of coleoptiles Td.thout added lAA. 
Nitsch and ITitsch (1955) say that this might create artifacts 
in the chromatograms of aqueop-S extracts with these amino acids 
acting like auxins. Fortunately, these substances alone are 
practically without effect on internodes. Although amino acids 
are present in large amounts it is unlikely that they create 
activity in this way5 the picture with both t^ naes of assay is
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very similar. It is possible that yg oyanealanine and 
perhaps other 'non protein' .amino acids are present in the ifater 
soluble material. This means that it would be wide to test to 
see whether high concentrations of such amino acids have groi'rth 
promoting.activity in the bioassay tests.
Attempts have been made to identify the Yellow 
Ehrlich reactors Nos. 1 and 2. Britton et al (195^) reported 
the presence of a yellow Ehrlich reactor in chromatograms of 
their aqueous fraction, correlated with aoti^rity in the 
coleoptile test. Thurman and Street (1960) have shoT-jn that 
the yellow Ehrlich reactor on their chromatograms is urea.
The yellow Ehrlich reactor shows no activity in the Avena 
straight groTrfch test. They suggest tha.t urea might arise from 
a breakdoT\rn of ureido compounds during the period which the 
extract is at pH 3.0. 1 The yellow Ehrlich reactor No, 1, which 
I have described, stays near the starting line in the Bioassay 
solvent. It gives an immediate yellow reaction t-rith Ehrlich 
reagent. Urea and Ureides also give an immediate yellow with 
this reagent. Chromatographic evidence shows that this 
compound is not urea or allantoin. At pE 1.9 it moves very 
slightly towards the cathode at this pH. This suggests that . 
the yellow Ehrlich reactor No. 1 is not positively charged at 
this pH. However, when the ratio of charge on a molecule to 
the mass of the molecule is small no movement is expected.
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Tbe non-retention of the yellow Ehrlich reactor No. 1 hy columns 
of cellulose derivatives suggests that it is a neutral compound.
Gordon (I96I) gives an account of reactions that 
have been postulated for the synthesis of tr;^ T)tophan and 
related compounds. Among these compounds, kynjorenine, 3-DH- 
anthraxilic acid and anthranilic acid give negative reactions 
T-rith ninhydrin and yellow or near yellow reactions to Ehrlich's 
reagent. They are, however, different to Yellow Ehrlich 
Reactor No. 1 in chromatographic behaviour. Some of these 
compounds are not of course preferentially water soluble.
Some of the products of lAA. degradation react 
positively with Ehrlich reagent (Galston and Hillman (196I)), 
but details of the colors produced were not given. Bitancourt, 
Noueria and Schwarz (I96I) have shoTm that compounds produced 
in the breakdoTm of indoles do give yellow or orange yellow 
reactions with Ehrlich reagent, these might be o-aminobenzene 
derivatives,but they also found compounds which were neutral in 
their electrophoretic behaviour.
The Yellow Ehrlich reactor No. 2 is positively 
charged at pH I .9 and moves just behind tryptophan when the 
crude extract is used (see FIGURE 36). This compound passes 
through an anion column but is retained by a cellulose column. 
The compound in the water soluble anion material runs to the 
position of An^ in Bioassay solvent. Nhen material from., this
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zone is eluted and subjected to electrophoresis, it moves 
towards the cathode at pH I .9 (FIGURE 55) as mentioned above, 
and at pH 11.5 is (like tryptamine) still positively charged 
and moves towards the cathode, (FIGURE 56). This suggests 
that it mi^t be an o-aminobenzene derivative of indole 
decomposition. - Further than this the yellow Ehrlich reactors 
have not been identified.
The terms 'water soluble anion material', 'water 
soluble cation material' and 'water soluble cellulose material' 
have been defined in Chapter 3, section B (12). 'Hater- 
soluble anion material' means the material collected from a 
cellulose anion column which was loaded with water soluble 
material (fraction) and run with distilled water. Tryptophan 
under such conditions woiold be retained on the column, unless 
the columnswas overloaded.and aJl the available exchange sites 
filled, in which case it would 'leak' through.
The fact tha.t the large peal: of grOT-rth promotion 
associated with the tryptophan zone does not appear in 
bioassays of chromatograms of the 'water soluble anion material' 
and the 'water soluble cation material', (FIGURES 44? 51 and 52 
and FIGURES 4I and 42 respectively), is a farther indication 
that the majority of the groirfch promoting activity at this 
is due to the presence of tryptophan.
Hhen the water soluble fraction is run through a
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cellulose anion column i-rhich is overloaded, the Avens. internode 
assay of chromatograms of this material show a large amount of 
growth activity (see FIGURE 43), hut only one Ehrlich positive 
area which is due to the presence of tr^mtophan which has 
leaked. Rhen a smaller amowit of water soluble material is 
added to cellulose anion column, the tp^ tophan does not leak 
and the Avena internode assay of chromatograms of this material, 
(’water soluble anion material’), show substantially less 
activity (see FIGURES 44 and 5l)« As suggested in Chapter 3, 
section B (l6) on the cellulose anion column, acidic growth 
promoters are formed from water soluble precursors. If the 
column is overloaded and all exchange sites occupied, the 
column leaks these compounds and also tryptophan. These 
compounds when chromatographed give the groT^ rth pattern seen in 
FIGURE 43. If, however, the cellulose anion column is not 
overloaded, the acidic groT-rbh promoters and tryptophan are 
retained and chromatograms of this material ('water soluble 
anion material') show less activity in the Avena internode test, 
(see FIGURES 44 and $l).
As these suspected acidic grotrfch promoting 
compounds do not give an Ehrlich positive reaction they might 
represent a non-indolic system of auxins. However, before such 
a statement can be made, the great difference in sen^ivity 
between chemical and biological detection methods must be
remembered. A cellulose anion column, that had heen run m t h  
water soluble material, was eluted with M/20 Ha^SO and the 
eluate separated into ether and water soluble fractions, 
'hrjnptophan was detected in the water soluble fraction but no 
Ehrlich reactors were found in either fraction. Unfortunately, 
time did not allow bioassay of this material. Further 
investigation oftthis eluted material is an important priority.
iJhen ananion cellulose column of suitable length 
is used and no leakage of tryptophan occurs, four Ehrlich 
positive regions are found, called An^_^ (FIGURE 450^ * The 
chemical nature of these is discussed later. The fact* that 
the eluante from such columns has a pH of 9*5 - 10.5 and that 
such compounds do not appear in eluates from cation cellulose 
or cellulose columns, suggests that they are products formed 
1^, - specifically on the columns in chemical reactions such as
alkaline hydrolysis. Indeed, Most (I962) has shoi-m that 
alkaline hydrolysis of the water soluble fraction T'Tith 7IT ITaOH 
for one hour, gave rise to 6 Ehrlich positive zones, 4 water 
soluble and two ether soluble. The hydrolysis of tryptophan 
under the same conditions does not give rise to such compounds. 
Most (1962) suggest, as have other workers, that such compounds 
arise from conjugates of indole compounds which in their 
unhydrolysed skate do not give an Ehrlich reaction.
Such compounds as indole-3-acetyl aspartic acid
(Andreae and Good (1955)) and the Indole-3-acetyl p - T> glucose
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of Zenlc (1961) are found in tissues fed T'Tith I M  and are
thought to act as detoxication products, or alternatively, as
reservoirs of auzin. HoTiever, these compounds give positive
Ehrlich reactions and i-rould therefore he detected on
chromatograms of untreated Tfater soluble material and as such 
Kot
do^fit the requirements of Most (1962). If some idea of
the specificity of the Ehrlich reagent for the indole m u d  eus
was available, it mi^t be possible to postulante a conjugate
indole compound which was negative to Ehrlich. -Dimethyl-
Tryptamine an an oxalate is negative to Ehrlich, it would be
interesting to be able to studj^  the hydrolysis products of ^
such a compound.
Bentley (196I) suggest that indole-3-acetyl
aspartic acid can be compared to indole-acetyl-L glutamine, a
detoxification product 1 of lAA. in humans, (Jepson 195&)" There
is however no evidence that indole-3-acetyl aspartic acid
occurs in normal metabolism. However, Shantz and Steward (l95l)
found an arabinoside of lAA in the milk of immature maize seeds
and Winter and Street (I963) report the presence of a 5-OH
tryptophan peptide in staled medium of root tissue cultwe.
As yet there is no completely firm evidence that
An^ . are indole comn&unds. If one assumes that they are, then 
1-4
they may arise from a precursor giving a negative Ehrlich 
reaction or be formed in reactions between different compounds
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in the extract. Tr^pptophan and BOPA added to anion columns in 
appro2r.mately the same amount as they occur in extracts, do not 
form products which can he chemically determined. However,
BOPA does form at the top of the column a red brown compound, 
possibly an intermediate to melanin formation. Evans and 
Paper (1937) have shoT-m that BOPA can form the products 
under oxidising conditions in the absence of an enzyme.
Several of these quinone intermediates could react with amino 
acids in the solution, to form derivatives which might be 
similar to An^ The fluorescent products of BOPA at alkaline
pH^s in different buffers have been shoT-m to have different 
spectral properties. Perhaps the end Product in glycine buffer 
is a glycine conjugate.
The production of fluorescent trihydrozyindoles 
from epinephrine and norepinephrine under controlled oxidation 
conditions is a standard method of assay, Udenfriend (ip^P).
BOPA yields a hi^^ly fluorescent product u^nder the same 
conditions >rith excitation maximum 3^5 m|j -^ nd fluorescent 
maocimum 495 This is similr- to the product formed in
glycine buffer, excitation max. 340 p and fluorescent mm. 175 '//• 
The product formed in borate buffer, excitation mac:. 330 m^ 
fluorescent max. 395 d" different and more fluorescent, (see 
TABLE ll). It would be interesting to luiow whether this 
product in borate buffer is more fluorescent than that formed
Ll
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FIG'JRE 65. DOPA to MELANIN PATHWAY.
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in the trihydrox^ûndole procedure? If it were, it mi^t ' 
provide a basis for a more sensitive method of estimating the 
catecholamines.
In fact the ocd.dation products of BOPA itself, 
show a similarity in and in the narroTmess of the bands 
reminiscent of An^ or An^  ^. They also show some biological 
activity, FIGURE 57* It would be interesting to run BOPA on 
anion columns with amino acids or added to the water soluble 
fraction to see if An^_^ could be produced or their production 
enhzinced. It does seem that it is quite possible that the 
products of alkaline hydrolysis of the water soluble fraction 
or of running it on an anion column might be due to such 
reactions and not in fact to the hydrolysis of some real auxin 
precursor.
Before going on to discuss the possible chemical
na,ture of the compounds in zones An, . it is important to see if
1-4
they are groi-rfch promoting. The Avena internode and straight 
groT-'ith tests of the water soluble anion material give' peaks of 
growth promotion that correspond approximately to the Eh-^lich 
positive zones An , (see FIGURES 44? >1 end 52). The groTfth.1-4
promoting areas are at P^'s 0.15 - 0.4? O .4 - 0.6; 0.7 - 0.8
and the P^'s of the zones in^_^ are, 0.12 - 0.22, 0.32-0.39?
0 .48 - 0.60 and 0.68 - 0.72. Eluafes of the An^_^ zones give , 
activity in both the Avena internode and straidit groT*rfch tests. 
In addition the Avena straight growth tests /
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give a peal: of growth promoting activity at -0.05 - 0.1 
which is d_iscussed later.
However, if onecexamines the hioassays of the 
water soluble material, the water soluble cellulose material 
and the water soluble cation material, one finds pealcs of ,groT-rfch 
promoting activity at similar values to those found in 
bioassays of chromatograms of the water soluble anion material. 
In the water soluble material zones of groifth promotion occur 
at 0.0 ~ 0.3 (large peak associated with tryptophan): 0.35 -
0 .55 and 0.6 - 0.8, in the water soluble cellulose material at
0.0 - 0.3 (large peak associated with tryptophan); 0.35 ~ O.6O
and 0.6 - 0.95 and in the water soluble cation material at
0 .05 - 0.1 (only detected with the Avena straight groT-rth test,
a. peak similar to this is found in the water soluble anion 
material); 0.1 - 0.35? O.A - 0.6 and 0.8 - O.85.
. V With the exception of the large peak clearly
associated with tryptophan, one cannot say vfhether the treatment 
of the water soluble material on any one cellulose or cellulose 
derivative column removes an^ r specific compound which can be 
associated m t h  a peak of groifth promotion on a chromatogram.
The similarity of R^/s of the growth promoters 
^  ^ : in all four types of water soluble material, (water soluble
" = untreated, anion, cation and cellulose), makes it difficult ko
decide whether the peaks of groT-rbh promotion on the
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chromatograms of water soluble anion material, are due to 
compounds which are present in all four ty/pes of water soluble 
material or whether they can be definitely associated with 
zones An^_^. If the compounds responsible for some of the 
groTrth promoting afeas were present in aJl four types of water 
soluble material this would suggest the presence of a water 
soluble system of neutral auxins. If they were indoles one 
woudd expect them to be preferentially ether soluble. The 
gibberelins demonstrated by many workers and the 1-docosanol 
of Crosby and Vlitos (1959) are also preferentially ether soluble.
If the water soluble anion material, which
contains the compounds responsible for zones An, . is run
1-4
through a cellulose cation column with distilled water it has 
been shoTsrn, (Chapter 3, section B (l6)), tha.t An^_^ are removed. 
Bioassays of this material have not been done, but if they were^ 
any activity which still remained in the material ccold be 
attributed to a neutral water soluble system of auxins.
The Avena straight grotrfch test shows the presence 
of a promoter in the water soluble cation and water soluble anion 
material that remains on the starting line (see FIGURES 41 and 
52). It is curious that it promotes the growth of coleoptiles 
but not that of internodes. It corresponds in position to yellow 
Ehrlich reactor Uo. 1. Could it be that the removal of,a 
certain amount of amino acids or other compounds from the
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starting line allowed the uptake of yellow Ehrlich reactor ITo.l 
hy the sections and that this compound stimu3.ates- the groT«rth 
of coleoptiles? More work needs to he done on the isolation 
of yellow Ehrlich reactor Ho.l.
What is the chemical nature of zones .? It1-4
is interesting to consider this, because even if they are 
artifacts, a knowledge of their structure might indicate the 
presence of other compounds of interest in the extracts. Also, 
if one knows their chemical nature one can predict how they 
might be formed. Zone An^ quite clearly contains two Ehrlich 
positive compounds which sometimes separate and sometimes do 
not, see FIGURE 54* The compound An^  ^is of interest because 
of the compactness of the spot, see FIGURE 54* Unfortunately, 
it was not possible to obtain positive color tests on the 
separated compounds, so that all color, uv absorption, 
fluorimetric and bioassay data are the result of two compounds. 
Also, the presence of yellow Ehrlich reactor Uo.2 in this 
region should be noted. This zone gave a pink/purple color 
>7ith Ehrlich, pink/yellow with Modified Ehrlich and pink with 
Xanthydrol, all reactions indicating the presence of indole 
compounds. A pink color with p-nitraniline suggests a phenolic 
compound and the reagent for 6-OH indoles gave a yellow color; 
6-OH indoles, however, give a bri^t red with this reagent. Of 
particular interest was a positive reaction with Mnhydrin acetic
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reagent giving an intense purple pink color m t h  no fluorescence 
under uv. This suggests the presence of an Halkql trypt amine, 
(see Chapter 2, section A (3)). The investigation of the 
fluorescence of this zone gives no indication of a compound 
similar to. any indole that I have examined. From information 
available at the present time, it is difficult to comment on 
the fluorescent compound in this zone. If an indole compound 
were present the inner filter effect of the compound absorbing 
maximally at 265 m (FIGURE 46) might prevent its detection.
Electrophoresis of material eluted from zone An^ 
at pH 1 .9 (figure 55) j shows the presence of yellow Ehrlich 
reactor Ho.2 mentioned previously and of three pink spots, one 
migrating to the cathode at the same speed at tryptophan, one at 
the same speed as tryptamine and a third moving much faster 
than tryptamine. At pH 11.8 (FIGURE 56) yellow Ehrlich reactor 
Ho.2 still moves to the cathode and two pinl: spots found at 
this pH move to the anode. It is curious that three pink spots 
are found at pH 1.9 but this may be due to chemical interaction 
with the buffer (c:^  lAA and indole at pH 1.9)*
Zone An^ shows one pinl: Ehrlich reaction and this 
is confirmed by two dimensional chromâtograph;^ '', FIGURE 54* The 
fact that electrophoresis at pH I .9 shows two pinl: spots may 
be due to chemical interaction with the buffer or inadequate 
separation of zones An^ and An^ on elution, (FIGURE 55)- At
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pH 11 .5 there is one-pinl: spot migrating to the anode,
FIGURE 56. An^ give an immediate pinl: irith Ehrlich end a blue 
with Xanj^.rol suggesting an indole compound. Blue with both 
these res.gents normally suggests 5-kydro^qrlation. A positive
reaction m t h  dinitrophenyl hydrazine suggests a carbonyl 
group in the molecule which may account for the lack of 
fluorescence typical of an indole (c:^  indole-3-aldehyde). The 
absorption peak at 280 m^ (FIGURE 46) also suggests an indole 
compound although the published spectra of indole compounds tend 
to be more complex, m t h  double peaks or shoulders being 
present.
Zones An^ and An^ give pinl: Ehrlich reactions and 
behave identically on electrophoresis at pH I .9 and 11.5* Under 
these conditions however, they give blue purple colors with 
Ehrlich and at pH 1.9 (FIGURE 55) show hardly any movement to the 
cathode, whereas at pH 11.5 they move to the cathode at the same 
speed at tryptamine. It is possible that they react m t h  the 
buffer at pH I .9 and form a product which is not positively 
charged. This buffer does not seem very suitable for indole 
compounds.
These zones both contain a compound excited at 280 mjJ 
and fluorescing afc 330 however An^ shows a different 
relationship of fluorescent intensity to pH, see FIGURE 49- 
There is no change in intensity m t h  both compounds from pH
/«- ■
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2.2 - 13.2. At pF 1.0 both compounds show a slight increase
in fluorescent intensity before a drop at pH 0.1, At pH I4,
An^ shows an increase of fluorescence whereas An. shows a
4
slight d-'op. As discussed premously (Chapter 2), quenching
of the fluorescence at low pH*s of indole compounds is thought
to occur with formation of the indole cation and a.t hi^_ pH's
with the abstraction of a proton from the imino nitrogen by
the OH ions of the solvent. In FIC-IIRE 49 tryptophan has
been plotted for comparison. The lack of quenching at alkaline
pH'§ has been reported in indole compounds with méthylation of
the imino group. How this effects quenching at acid pH's is
not knoT'Tn, but it might be expected to effect cation formation.
The study: of Indole-2-carbozylic acid shows that substitution
in the 2-position can have a large effect, FIGURE 6. Perhaps
these compounds are indoles alkylated at the imino nitrogen.
It is clear from this discussion that the effect of pH on the
fluorescence of indole compounds of a mdely differing nature^
needs to be studied, before interpretations can be given. Uhen
more data is available it might proin.de a means of telling whethe:
compound.s that give an Ehrlich reaction are indoles or not?
The behaviour of An., on cellulose and celM.ose
1-4
derivative columns and their partition between water and ether 
at pH 3 and. 9 (TABLE 18) suggests that they are basic in nature,
A very recent paper by Winter and. Street (1963) has shoim the
281
presence of a 5-OH tryptophan peptide in staled medium of root
tissue cudture. This is interesting in that it gives a pink
color with Ehrlich; (5-hydrozy indoles normally give a blue
color), but unlike A n ^ i t  is preferentially soluble in ethyl
acetate whereas An, . are preferentially water soluble when1-4
extracted with ether at pH 3.0.
Ho bioassay experiments were done to examine the 
question of whether compounds in the water soluble fraction were 
interconvertible. Britton at a^ (I956) and Audus and Gunning 
(1958) snd Lahiri and Audus (I96O) have all shocm this phenomena. 
Lahiri and A;dus (1960) for instance, show a figure -with four groT-rth 
promoting zones, - P^, with values from 0 .1 - O.9, when 
any one of these zones are eluted and rerun a bioassay shows 
four approximately similar zones on the chromatogram. It is 
of particular importance to note that these compounds occur over 
the whole extent of the chromadogram. Thurman and Street (196O) 
have suggested that the conclusion that interconvertible 
substances are present might follow erroneously from the elution 
and re chromât ogrphy of zones containing mass±\re amounts of 
several consituents, the elution effecting some purification 
and rechromatography permitting more effective separations.
Lahiri and Audus (1960) have run a two dimensional chromatogram 
of the ether soluble acid growth substances of Vicia faba roots 
using a different lolvent in the two directions. I have used
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a similar method with the water soluble fraction, (FIGURE 35) 
but using the same solvent in both directions. Ho bioassay 
was performed and the chemical tests showed no eiridence of 
interconvertible compounds. The compounds that could be 
detected by chemical tests did not change their values 
substantially in the two directions. Similarly in FIGURE 54 
one can see that separates into two components in the 
second direction of running. But this does not involve an 
R^ change of the same magnitude involved in the interconvert­
ibility of the the water soluble auxins of Lahiri and
Audus (i960). These results suggest that the water soluble 
auxins of Lahiri and Audus . (I96O) are either (a) indoles that 
are not present in sufficient amounts to give positive Ehrlich 
reactions, or (b) indoles that do not give an Ehrlich reaction, 
or (c) non-iiidolic auxins.
The interconversion of the water soluble compounds 
may occur when they are eluted, the three or four 'possible' 
forms of one compound finding a new equilibrium. It would 
be interesting to bioassay a two dimensional chromatogram of 
water soluble material run Tiith the same solvent in both 
directions. This technique might or might not prevent the 
interconversion that occurs upon elution and rerunning. As 
mentioned previously a similar technique has been used by 
Lah-iri and Audus (I96O) for the ether solüble acid auxins of
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Vicia faba roots but not for the water soluble auxins.
As has been seen in Chapter 3, section A, I have 
been concerned to establish the presence or absence of lAA in 
these extracts. The zone which I have studied is exactly 
similar in R^ and in its behaviour on an anion column to 
authentic lAA. Because of the problem of the fluctuating R_^  
val-ues of I M  in this solvent it is difficult to correlate this 
zone of activity with similar zones found by other workers.
It is however the major peak of activity in the ether fraction 
and almost certainly corresponds to AR (ii) of Lahiri and Audus
(i960) and of Most (1962). I have run a marker of lAA on 
each occasion and in this way am certain that my main peak of 
activity does run to the lAA position. If this is the case, 
it would seem that my major peak of activity Trill run up to the 
positions also occupied by inhibitor y8 and accelerator AP (iii) 
of Lahiri and Audus (1960). A satisfactory way of lowering 
the R^ of lAA is by the addition of ammonia to the solvent. I 
have been reluctant to do this because of the knoim sensitivity 
of some indole compounds to ammoniacal solvents. As is 
discussed in Chapter 3, section A, the problem is to separate 
this growth promoting area from phenolic compounds which are 
present. The use of an anion column has of course removed a, 
large part of such interference. Further separation might be 
achieved by electrophoresis at pH 7.O, but before further
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experiments are attempted^the methods of growing and extracting 
large amounts of material would have to he expanded.
In Chapter 3, section A, an estimate in terms of 
lAA equivalents was made for the auxin that constitutes the 
major peak in chromatograms of the ether soluble fraction,
FIGURES I7B and I8B. It gave 1.7 - 11.3 yi/vcms equivalents of 
lAA per kilogram of fresh weight. The fluorimetric estimate 
was 0.875 JJgrms per kilogram fresh weight, but it was pointed 
out that this reading was not made on the actual peaks but Trith 
the instrument set as if reading for lAA. Interference from 
other materials in solution acting as 'inner filters' would 
make this estimate lower than the actual amount present* It 
wa,s pointed out in Chapter 3, section A, that the absorbance 
of a 10"^ M lAA solution at pH 280 m^ is O.5IO and a 
concentration of 10  ^M, lAA. would, give 30 units of fluorescent 
intensity. However, the acid ether eluate at 50 grms fresh 
weight/ml. gives an absorbance of 0.527 and at a tenfold 
dilution (and with the instrument set as if reading for IAA), 
a fluorescent intensity of 0.55 nnits. If there was actuaJ 
IAA. present and no interfering substances one would expect ■
approximately 30 units of fluorescence.
My figures give a very approximate estimate of 1-10 
pgrms equivalents IAA per kilogram, fresh wei^t or 10 ^ -10  ^ppm, 
Audus (1959) gives a graph which shows the growth response of
/L . 20S
roots and stems to added auxins, the maximum groT-rfeh response
of roots being circa 10  ^ppm of added IAA. Cocking (I96I)
shows that protoplasts from root tips of tomato show a most
marked response in the bursting of their vacuoles at 16"^ -10~^ 
the
ppm. As jextraction technique may well extract IAA or auxin 
that is inactive in situ, estimates of concentration obtained 
may well be higher than are actually present in the intact cell. 
It would appear that the concentration oftthis particular acid 
ether soluble auxin is not in supra optimal concentration on 
the basis of comparisons vrith other work described by Cocking 
(1961) and Audus (1959)- As discussed in Chapter 1, it is 
unlikely that one is examining a system where the control of 
growth is by one auxin alone. The control of growth most 
likely depends on the complex interelationship of different 
auxins. ‘
Audus and Lahiri (I961) in discussing the geotropic 
response of Vicia faba roots state that present laiowledge 
'strongly favours a metabolic basis for the observed groTith 
substajice distribution in geotropically stimulated organs. Such 
metabolic changes may well be complex, involving more than one 
active groTrth regulating substance '. They have suggested that 
their auxin AP (ii) accumulates on geotropic stimulation. This 
auxin is an active growth inhibitor and might be responsible 
for the reduced extension rate observed during geotropic
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curvature in roots, Audus and BroTmbridge (1957).
On the evidence obtained in this work it is 
impossible to say whether the acid ether soluble auxin is IAA. 
There is certainly tryptophan present in the roots and a 
possible mechanism by which this could form IAA is presented 
later. Tryptophan has of course other roles in the plant and 
its presence in extracts does not necessarily mean that it is 
involved in auxin biogenesis. It may be that IAA is produced 
only when required, (as AP (ii) is produced in geotropic 
stimulation) and" tha,t no substantial amount of free IAA is 
present in the roots. Progress is severely restricted by a 
lack of knowledge of the fundamental mechanism of action of 
auxins or indeed of even an idea of how the problem can be 
tackled. Evidence has been presented that indicates the presence 
of a substantial level 'of auxin activity in the water soluble 
fraction as compared with the ether soluble fraction. The 
presence of possible auxin precursors in the water soluble 
fraction has been shoi-m. One of the most important things is 
to be careful to rigorously exclude the possibility tha,t 
reported auxin activity is not in fact the result of extraction 
procedure.
Having clearly established the :-presence of BOPA 
and tryptophan in the water soluble fraction of the extracts it 
is worthwhile to speculate as to their possible role in the
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auxin metabolism of the root. Tr^mtophan has heen proposed 
many times as a precursor of IAA in plant tissues and indeed 
the’response of the Avena internode and st?"aight groTrth tests 
to tr^rptophan is interpreted as a response to IAA formed from 
the tryptophan hy the hioassay section. Gordon (196I) has . 
reviewed the evidence that trj^ptophan could he a precursor in 
normal auxin biogenesis and also discussed mechanisms of 
biogenesis. One of the mechanisms is that of deamination of 
tr^Tptophan by polyphenols and he shows a scheme for the 
continuous oxi.dation of tryptophan involving an ortho dihydric 
phenol and a phenolase enayme.
Gordon and Paleg (I96I) presented evidence to show 
that tr;;Tptophan can be converted to IAA in the presence of mung 
bean extract or mushroom t^m^osinase extract and suitable phenols,
and that IAA was formed even in the absence of an enz^ /me if
catechol was used. As mentioned previously Henderson and 
Hitsch (1962) and Hitsch and Hitsch (1962b) have studied the
effect of phenols on the response of Avena internodes to IAA
and tryptophan. They thought that dihydric phenols would 
augment the presence of IAA by enhancing its bios^rkhesis from 
tryptophan and inhibiting its destruction by an IAA oxidase 
system. Among the effective phenols described by Gordon and 
Peleg (1957) is BOPA. Perhaps then, BOPA plays a hole in such 
a scheme presented in FIGURE 66, (this is modified from Gordon
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(1961)). I have shoT-m the BOPA taking part in this scheme as 
'the BOPA quin one, see FIGURE 65, hut it coiuLd equally he the 
quinone of the indole. If the site of IAA production is 
intimately connected to the site of IAA destruction, then this 
indole quinone might act as an analogue inhibitor of the IAA 
oxidase system. Pilet (1961b) has shotm that indole can 
inhibit the destruction of IAA by IAA oxidase.
Studies by Eat tori and Shiroya (1955) have shoim 
that the browning and blackening of plant tissue in Stizolobiujn 
Hassjoo (a, tifining annual plant of the Leguminosae) is due to 
the interaction of BOPA and its oxidase, to produce melanin, 
the enzyme and substrate being compartmentalised in the intact 
cell. In the presence of aacorbic acid however, the reaction 
is less rapid; they suggest that this is due to the rehydration 
of the BOPA quinone or'to the prevention of the further 
oxidation of the ouinones formed. Experiments in this 
laboratory (Beresford (I963) unpublished) have shoTm that the 
browning of cut surfaces of root segments from Vicia faba is 
inhibited by incorporating ascorbic acid into the agar blocks 
which are placed on the cut surfaces.
Equally, when the BOPA or indole quinone is not 
stabilised by its involvement in tryptophan conversion, it migb't 
play a part in oxidising the îin ion the co-factor of IAA 
oxidase or in the formation of melanin add to the "domination of
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the maturing cell hy oxidarts and oxidation". Siegad and 
Porto (1961). Pullman and Pullman (I96I) have dratm attention 
to their calculations which suggest the extremely good electron 
acceptor properties of the indole-5? one and to the
exceptional electron accepter properties of the dimer unit of 
BOPA melanin.
The particular dih^ ^^ d^ric phenol fulfilling this 
situation prohahly changes from plant to plant and may he 
related to the ability of a particular plant to form glycosides 
of different phenols. For instance, Pridham (1958) has shoTjn 
that catechol, quinol, resorcinol and phloroglucinol were all 
converted to mono ^ glucosides when fed to hean shoots or 
germinating seeds, and hydrozyquinol and pyrogallol were also 
glycosylated. Phenol however was found to he hig^ i-ly toxic to 
the hean. The work has heen reviewed hy Pridham (I960). The 
glycoside formation might stabilise otherTd.se labile phenols, 
Mcllroy (I95I)* BOPA mi.^t hoT-rever he stabilised hy its 
involvement in the above scheme, until maturation oftthe cell 
occurs. Macleod and Pridham (I963) suggest that the high 
concentration of BOPA on Vicia faba tissues mi^t in part be 
accounted for by the low activity of BOPA ammonia lyase in this 
plant.
If the idea outlined, above is a reasonable 
suggestion, then it would be of great value to discover the
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quantitative distribution of BOPA and tryptophan in the 
different regions of the roots and indeed the situation in 
stems and leaves of etiolated and normal plants. For instance, 
Eattorif and Shiroya (1955) have obtained a watery exudate from 
the apex of Stizolobium Eassjoo. Ehen this exudate was dried, 
white crystals were formed and these were identified,as BOPA, 
the only amino acid present in the exudate. Br. E.A. Bell 
of King's College, could not detect BOPA in the dry seeds of 
Vicia faba.
The value of correlation of biological and 
fluorimetric assays has been discussed in Chapter 3, section C. 
Attention is draim to the value of correlating the information 
from the electrophoretic mobility of a compound at different pE 
values to its change in fluorescent intensity with pE, both 
methods being indicative of the state of ionisation of the 
compound under consideration.
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S ü M M A R Y
A. Technioues
1. The auxins of 12 day old Vicia faba roots were studied
using Avena internode and straight groTrth assa^ s^ of 
paper chromatograms.
2. Many different methods, fluorimetry, chemical determin­
ations, uv spectroscopy, solvent partition, ion 
exchange separation, paper chromatography and electro­
phoresis were used to determine the chemical nature of 
the auxins.
3. The use of spectrophotofluorimetry in the identification
and assay of indoles and related compounds was 
developed. The effect of pH on the fluorescence of 
23 indole compounds was studied.
4* The method of using ion exchange celluloses for the 
separation of indole compounds was developed.
5. The sources of error in the use of solvent partition for
the separation of indoles at low concentrations were 
studied using fluorimetric analysis. Errors in 
eluting materials from paper oliromatograras were assessed.
6. Further developments were made in increasing the
sensitivity of methods of estimating BOPA.
B. Results
1. An acid ether soluble auxin with R^ and ion exchange
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behavi.our similar to IAA was investigated to determine 
its chemical nature. The results were not conclusive.
2. Auxin activity at 0.0-0.3 in the water soluble fraction
was found to be largely if not entirely due to the
presence of triptophan. Other compounds occuring in 
this zone were studied.
3. The amino acid content of the water soluble fraction was
studied. The identification of tryptophan and BOPA by 
fluorimetric techniques was successful. Quantitative 
methods for estimating tryptophan and BOPA were 
developed and critically discussed.
4. The sugar and phenolic constituents of the water soluble
fraction were examined.
5^  Unknoim yellow Ehrlich reactors oc curing near regions of
groTfth activity were examined together Tiith knoTTn compounds 
Tjith similar colorimetric properties. Although no 
identifications were made,a number of possible 
contenders were eliminated.
6, The treatment of the water soluble fraction on ion exchange
cellulose columns proved useful to remove certain 
compounds selectively. Bioassays of treated extracts 
were correlated with this selective removal of certain 
compounds, e.g., tr;^ptophan.
7. Ehrlich positive zones were found in water soluble anion
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material and attempts made to identify the compoundsIf o _
present. Preliminary experiments using tryptophan and 
BOPA attempted to show how these compounds mi ÿit he 
formed on the anion column or hy mild oxidation 
techniques.
8. The auxins of extracts of Cahhage were studied fluorimet- 
? rically and hy hioassay^ lAH was identified
fluorimetrically in the neutral ether fraction;.
C. Conclusions
1. The evi_dence for the presence or absence of I M  in 12 day
old roots of Vicia faba was inconclusive. Further
purification of the fraction m i l  be necessary before a 
fluorimetric method can be successfully applied.
2. Substantial auxin and auxin precursor activi.ty has been
demonstrated‘in the water soluble fraction.
3. A scheme for I M  biogenesis from tr^^mtophan in conjunction
TTith BOPA has been proposed.
4. The vaJue of studying the effect of pE on the fluorescence
of a compound has been shown by the successful 
identification of certain compounds.
5- The importance of correlating bioassay and fluorimetric
analysis has been discussed for IAA and isomers of
tryptophan.
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6. A preliminary studs’- of the anxins in Cahhage extracts
illustrates the importance of correlating hioassay 
and fluorimetric analysis.
7. The value of correlating electrophoretic mohilits^ at
different pE's i-iith the change in fluorescent intensity 
Tvith pH is stressed. Both methods heing indicative 
of the state of ionisation of the compound under 
consideration.
f r -
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TABLE 1. Bata for the graphs showing the effect 
of pH on the fluorescence of some indole 
compounds, (figures 6 - 9 in test).
pH compound, (fluorescence in arhituary units)
1. 2. 3. 4. 5. 6. 7. 8.
0 .1 3.0 2 .4 3.1 2 .8 - 4 .0 3.0 3.1
1.0 14.9 13 .4 13.7 12.5 - 25.5 22.6 17.7
2 .2 23.5 29.9 29.4 26.1 — 58.6 47.8 36.9
3.0 34.0 38.1 33.1 35 .9 - 72.4 69.6 56.1
4 .0 31.6 52.7 54.3 70.7 17.0 80.0 81.7 76.1
5 .0 78 .4 82 .9 80.8 90.7 56.6 89.6 89.6 91.5
6 .0 88.9 94.1 94.1 92.3 83.3 95.8 80.0 92.3
7 .0 98.0 93.3 100.0 96.9 96.6 93.8 97 .4 96.9
8 .0 100.0 100.0 99.2 100.0 94.0 93.8 100.0 100.0
8.98 86.3 87.3 92.6 95.4 ■■ 94.9 100.0 97 .4 96.1
10.14 86.3 94.1 89.7 93.8 100.0 92 .4 97 .4 92.3
11.07 86.3 88.1 90.4 92.3 98.2 85.5 91.3 92.3
12.10 55.5 58.2 55.9 61.5 91.6 55.8 66.1 55.4
13.2 12.5 14.2 14.1 16.9 58.3 26.8 15.7 16.1
14.0 2.0 2.2 2 .5 2.1 12.7 2.3 2 .4 2.1
1. indole-3-acetic acid
2. indole-3-propionic acid
3. indole-3-hutyric acid
4 . indole-3-lactic acid
5. indole-3-carhoigXic acid
6. indole-3-a.cetonitrile
7. indole-3-acetamide
8. indole-3-acetyl glycine
Table 1. continued
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pïï. compound, (fluorescence in arbituary units)
9. 10. 11. 12. 13. 14. 15. 16.
0.1 3.2 3.1 3.7 2.2 2.6 4.3 17.2 11.3
1.0 18.2 18.6 26.1 13.0 10.6 31.8 75.0 19 .2
2 .2 40.1 32 .5 57.6 31.7 36.0 58.6 63.9 18.6
3.0 50 .4 51.1 67 .4 48 .4 53.0 60.3 75.0 25 .4
4 .0 76.6 77.5 84.7 69.8 71.9 71.5 75.0 45.1
5.0 83.9 86.8 91.2 90.5 80 .4 75.8 75.0 88.7
6 .0 87.6 86.8 95.6 77.7 86.5 65.3 61.2 87.3
7 .0 90.5 91 .4 100.0 87.3 86.5 96.5 55.6 87.3
8 .0 100.0 100.0 100.0 100.0 100.0 100.0 41.7 74.6
8.98 93 .4 96.1 95.6 91.3 84.1 96,5 100.0 100.0
10.1/1 91.2 87.6 93\4 92.0 89.0 96.5 52.8 78.8
11.07 82.5 84 .4 91.3 86.5 87.1 94.8 23.1 56.3
12.10 65.7 63.6 63.0 53.1 60.9 62.1 7.2 6 .9
13.20 16.8 17.0 17.8 10.6 10.6 12 .4 - -
14.00 2.5 2 .5 2.2 1.8 1.6 1 .9 — —
9- indole-3-acetyl glutamine 
1C. indole-3-auetyl asparagine
11. indole
12. 3-methyl indole (skatole)
13. tryptophol
14. tryptamine,HC1. ■•■
15. 5-OE tryptamine
16. 5-CH indole-3-acetic acid
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T a b le  1 ,  c o n t in u e d
pH. com pound. ( f l u c r e sc e n ce i n  a r b i t u a r y  u n i t s )
17. 1 8 . 19. 2 0 . 2] .
0 .1 19.4 - 3.9 4.8 4.2
1.0 3 2 .6 - 11.6 11.9 18.0
2.2 48.6 - 21.4 25.0 3 8 .0
3 .0 7 3 .6 - 3 1 .1 37.0 48.0
4.0 90.3 24.9 41.7 44.6 82.0
5.0 97.2 35.8 43.7 46.7 92.0
6.0 87.5 39.1 46.6 47.8 100.0
7.0 69.4 5G .0 48.5 5 3 .3 100.0
8.0 62.5 60.0 54.4 5 3 .3 100.0
8.98 100.0 66.0 57.3 54.3 92.0
10.14 75.0 66.0 94:2 89.1 96.0
11.07 44.4 66.0 100.0 100.0 : 91.0
12.10 6.9 54.4 68.0 87.0 74.0
13.20 - 100.0 15.7 23.9 2 3 .0
14.0 - 6.0 1.9 2.8 3.6
17. 5-OH tryplBphan
18. in d o le  2- c a r b o x y l i c  a c id
19. t r y rp to p b a n
20. N -m e th y l t r y p to p h a n
21. N - a c e t y l  t r y /p to p h a n
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TABLE 2 Data for graphs showing the effect of
different buffers on the fluorescence of 
ijyptophan and 5-OH indole-3-acetic acid.
^ . (Fluorescence in
compoun arbituary units) type of buffer system,
1. 2. 3.
0.1 11.2 8.8 4 .4 H08O,
1.0 17.0 17.7 11.0
2 4
2.2 21.0 21.4 24.4
3.0 23.7 23.3 31.8
4.0 46.5 47.5 39.0 ' - ' ■-
5.0 85.0 57.5 42.0 phosphate/citrate
6.0 96.0 92.5 45.0
7.0 89.0 82.0 47.5
8.0 74.0 77.0 51.0
8.93 100.0 100.0 58.5
10.14 92.0 82.0 89.5
11.07 71.0 79.0 100.0
glycine/NaCl/NaOH
12.10 18.9 24.0 92.5
12.97 4.1 1.8 22.3
13.2 16.6
NaOH
14.0 — — 2.4
9.24 97.5 95.Of 66.0
9.97 93.0 89.0 87.5 Bcrate/lTaOH
11.08 71.0 73.0 100.0
12.38 7 .9 5.5 69.0
compound 1. 5-OH indole-3--acetic acid salt with S*
2. 5~0H indole-3--acetic acid (Light's Co
3. tryptophan
-
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TABLE 3 Data for graphs showing the effect of pH on
fluorescence and antivation wavelengths and 
fluorescent intensity of two samples of 3,4 
dihyd-TOxy-phenylalanine. (FIGURE 30 in text)
compound 
(fluorescence 
in arhituary 
units)
type of buffer activ max. fluor max. 
m m
1. 2.
0.1 18.4 20.0
1.0 24.1 23.0
2.2 54.0 54.5
3.0 88.5 87.0
4.0 100.0 100.0
5.0 100.0 100.0
6.0 93.0 95.0
7.0 78.0 79.0
8.0 53.0 51.0
N. HgSO^ 
n/10 HgSO^ 
citrate/phosphate
285 330
10.14
11.07
12.10
12.97
39-5
87.5
100.0
15.9
7.259 28.4a
9-97 49-0
11.08 100.0  
12.38 2.0
36.5
87.0
100.0
13.2
glycine/lIaCl/NaOH 340 475
28.0
55.0
100.0
1.9
horate/NaOH 330 395
êàinple 1. Light's & Co. sample 2. Dr. Ba.te-Smith.
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T.A3L3 4 D a ta  f o r  g ra p h s  shoT 'dng th e  e f f e c t  o f  pH
on th e  f lu o r e s c e n c e  o f  i n d o l e -3~ a c e t ic  
a c id ,  ijnJoioT’Tn C, i n d o l e -3- a c e t o n i t r i l e  and  
nnknoTm  D. (FIGURE 64 i n  t e x t )
pH com pound, ( f lu o r e s c e n c e  i n  a r h i t u a r y  u n i t s )
1 . 2. 3 . 4 .
0.1 10.2 1 3 .5 11.7 8.7
1.0 20.0 19.0 32.5 25.5
2.2 35.5 35.0 57.0 49.0
3 .0 45.7 40.0 69.5 66.2
4.0 56.0 53.0 81.0 78.5
5.0 81.0 88.0 89.0 90.0
6.0 90.0 89.0 86.5 91.5
7.0 94.0 96.5 88.0 9 3 .0
8.0 100.0 97.5 96.5 93.0
8.93 90.0 94.5 100.0 100.0
10.14 9 5 - 0 100.0 94.5 100.0
11.07 100.0 97.5 97.5 93.0
13.2 22.5 22.0 18.5 1 8 .3
14.0 9.2 10.8 8.1 5.3
1. i n d o le - 3 - a e e t i c  a c id  (0.05 . )
2. u n k n o u n  C.
3 . i n d o l e - 3 - a c e t o n i t r i l e  (0.05 jV p /m l. )
4 . u n k n o ™  D .
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TABLE 3 D a ta  f o r  g ra p h s  sh o T rin g  th e  e f f e c t  o f  pH
on th e  f lu o r e s c e n c e  o f  3 , 4  d ih y d ro x ^ ;- -  
p h e n y la la n in e  (com pound  l ) , u n lm o im  A ( 2 ) ,  
t r y p to p h a n  (3 )  and  u n k n o m i B (4) .
(FIGURES 28 and  31 i n - t e x t )
pH
compound (fluorescence in 
arhituary 
1. 2. 3.
units)
4.
type of Buffer 
system
0.1 17.0 25.7 4 .4 ■5 .5
1.0 27.0 35 .0 11.0 17 .4
2.2 62.5 64.0 24 .4 23.7
3.0 97.0 90.0 31.8 36.0
4.0 100.0 100.0 39.0 41.5
5-0 100.0 100.0 . 42.0 45.5 phosphate/citrate
6.0 90.5 90.0 45.0 51.0
7.0 80.5 72.5 47.5 51.0
8 .0 55.5 48 .0 51.0 53.0
8.03 - - 58.5 58.0
10.14 - 89.5 88.5
11.07 — — 100.0 100.0 glucine/HaCl/HaOH
12.10 - — 92.5 91.0
12.97 — - 22.3 23.7
13.2 - - 16.6 22.0 HaOH
14.0 - - 2 .4 6.8
9.24 -  •' - 66.0 65.0
9.97 — - 87.5 *
11.08 — - 100.0 : * horate /iTaOH
12.38 - - 69.0
*  no  re a .d in s rs  t a h e n . n o t  s u f f i c i e n t  s a jn n le .
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TABLE 6 Data for graphs showing the effect of pH
on the fluorescence of An^, An^, _An^ , An^ 
and tryptophan, (l x 10“  ^M. )
(figures 48 and 49 in text)
pH
[fluorescence in 
ACg An^
artituary
^ 4
units)
ti^tophan type of Buffer
0 .1 74.0 29.0 55.5 75.5 . 11.0 H2SO4
1 .0 95.0 75.0 84.0 100.0 20.0
2 .2 95.0 92.5 80.0 92.5 33.0
3.0 - - - - 39.0
4 .0 100.0 100.0 84.0 92.5 46.0
5.0 — — 48.5 citrate/
6.0 95.0 98.5 84.0 93.0 50.0
phosphate
7.0 95-0 94.0 85.0 94.5 51.5
8.0 — - - — 55.0
8.98 94.0 96.0 ' 83.0 92.5 57.5
10.14 - — - - 92.0
11.07 97.5 94-0 84.0 90.0 100.0 glycine/lTaCl
12.1 - - — - 93.0 /ïïaOH
13.2 54.0 74.0 82.0 89.0 23.5 HaOH
14.0 39 .0 37 .0 100.0 80.0 5.5
conc.
grms fresh 
weight/ml.
20.0 20.0 5.0 20.0
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TABLE 7 Data for graphs showing the effect of
different Buffers on the fluorescence of 
Tyrosine and Phenol. (FIGURES 10 and 11 
in text)
compound 
(fluorescence in arhituary units) type of Buffer
1. 2. 3. 4.
0.1
1.0
21.5
26.0
22.0
25.0
94.0
100.0
94.0
100.0
2 .2 50.0 49.0 81.0 81.0
3.0 83.0 71.0 78.0 81.0
4.0
5.0
6.0
91.0
91.0
79.0
90.0  
87 .5
84.0
78.0
76.0
68.0
83.0
83.0
69.0
phosphate/
citrate
7.0 58.0 63.0 52.0 54.0
8 .0 49.0 52.0 42.5 45.0
8.93 100.0 100.0 81.0 83.0
10.14
11.07
66.0
37.5
77.0 46.0
26.0
44.5
22.0
glycine/UaCl
/UaOH
9.25 64.5 71.0 55.0 58.0
9.97 50.0 56.0 36.3 37.5 Borate/lTaOH
11.08 27.0 39 .5 18.0 19.0
compounds 1 & 2. "Ryrosine, 2 x 10  ^M. Plotted mean of two
values FIGURE 10.
3 & 4 Phenol, 2 x 10 ^ M. Plotted mean of two
vaJues FIGURE. 11.
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TABLE 8 Data for graphs showing the development of
a fluorescent product from 3,4 
dihydrODgrphenyl al anine at pE 12.1, 
(glycine/UaCl/EaOH Buffer) with time. 
(FIGURE 34 in text)
time in seconds arhituary units of fluorescent intensity
E:cpt 1. 2. 3. 4.
0 6 .4 4 .8 8 .5 5.6
30 27.3 26.0 27.9 20.8
60 53.0 48.0 53.0 43.0
90 69.5 63.0 72.0 58.0
120 83.0 78.0 85.0 72.0
150 87.0 85.0 86.0 82.0
180 91.0 90.5 90.0 88.5
210 95.0 94,0 92.0 92.0
240 96,0 96.0 95.5 96.0
270 98.0 97-5 96.5 97.5
300 100.0 100.0 100.0 100.0
* Expt.4 was performed with the shutters permanently open 
Between readings. Readings at 340/475»
/-
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''V TABIE 9 Data, for the dilution curves of DOPA, . 
u^nknot'Tn A’ at pH 3*0 and trjpptophan and 
‘unlznoTm B* a t pE 11.07. Fluorescent 
intensities are given in log a?:Bituary units, 
(see FIGTTRB3 32 end 33 in te x t )
log conc. M. DOPA Tryntopiian
4.000 1.4150
5.8195 1.2304
5.6021 1.0682
5.3021 0.7782 1.6990
5.6021 0,1461 0.9685
5.3010 1.8482 0.7076
7.6021 0.0274
7.3010 1.7709
log conc. of the  ^
dilutions. (0= 0.66
grms fresh weight/ml. ^unknoim A ’ ’unlcnoim B'
0.0000 1.1761 1,6385
1.3010 0,5911
I . 0000 0,2900 0,9754
2.3010 1.7243 0.3432
2\0000 0.0569
Buffer Blanlcs I . 2304 1.1139
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TABLE 10 Data for dilution curves of An^, An^
and An^ in pH 5.0 citrate/phosphate/sucrose
Buffer and An-^  in pH 7.0 phosphate/citrate
Buffer. (EIGTJPE 47 in text)
Log concentration Log. arBituary units of fluorescence
An^ tog An^
**
^ 4  A"3
1.30 0.57 0 ,84 1.02 0 .6 7 0.97
1.00 0.39 '' 0 ,76 0 .87 0 .52 0 .88
0.70 0 .15 0 ,70 0.65 0,31 0,70
0 .40 - — - 0,47
0.10 - - - 0,16
TABLE 11 Data for caliBration curve of lAA in pH
Buff er. (FIGURE 4 in text)
Molar concentration Log fluorescent intensity.
1st experiment 2nd experiment
0.66 X 10 ^ — 2,000 .
0.4 X 10"4 — 1,8865
2.0 X 10“^ 1.6990 1,6990
1.0 X 10“^ 1.3937* —
0.66 X 10 " — 1,1931
2.0 X 10“^ 0,7782 0,7404
1.0 X 10“^ 0 .4472* —
2.0 X 10"7 Ï .7559 “ ,8195
1.0 X 10"7 1.6902* 1,6021
_P
2,0 X 10 1.2553 1,2788
Blank reading 1.2304
* figjires used in PIC-DHE! 58 in the text.
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TABLE 12 Data for the graphs showing the Ahso-^ption
spectra of An_ (8 grms fresh weight/ml) and
^ -L
An^ (12.5 grms fresh weight/ml) in phosphate/ 
citrate Buffer, pH 7.0. (FIC-UHE 46 in text)
wavelength
m
ABsorBan%?e (Optical Density)
top
220 0 .19 0.199
225 0.171 0.202
230 0.146 0.178
235 0.156 0.177
240 0.192 0.197
245 0.251 0.215 ; ;
250 0.319 0.278
255 0.386 0.342
260 0.431 0.440
265 ' 0.440 0.569
270 0.411 0.707
275 0.341 0.799
280 0.266 O.8I7
285 0.220 0.746
290 0 .164 0.588
295 0.106 0 .394
300 0.056 0.212
310 0.012 0.043
320 — 0.013
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TABLE 13 showing the absorption spectraData for graphs 
of different compounds. 1. trj,rptophan (lO . 
2. lAA (lO . - 3. Acid ether eluate 50 grms/ 
ml. (see FIGURES SO and 23 in text)
wavelength
m
Ahsorbance 
Compound 1.
(Optical
2.
density)
3.
230 0.630 - 1.075
235 0.225 0.293 -
240 0.166 0.160 0 .935
245 0.175 0.140 0.768
250 0.217 .0.160 0.623
255 0.285 0.213 0 .544
260 0.370 0.287 0 .514
265 0.451 0.373 0.506
270 0.520 0.451 0 .514
275 0.534 0.485 0.521
278 0.553 0.505 -
279 '0.554 0.510 0.522
280 0.551 0.510 0 .528
281 — 0.510 0 .525
285 0.460 0.455 0.513
290 0.397 0.410 0.485
295 0.158 0 .2 24 0.446
300 0.058 0.098 0.410
310 — 0.350
320 — — 0.287
330 — — 0.209
340 — - 0 .155
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TABLE 14 Data for the relationship Between 
fluorescent intensity and concentration 
for compound excitation max. 330 
and fluorescent max. 445 J Ü  and for lAA 
settings, (see FIGURE 21 in text)
Concentration in grms. Log. Fluorescent intensity
330/445 285/365
200 1.1584 0.4150
100 1.0274 0.5682
20 0.5051 0.2504
10 0.2695 0.1005
2 Ï .7993 T .7324
Blanks 1.6128 1.6232
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TABLE 15 Data for graph showing the effect of pH 
on the fluorescent intensity of lAA (l x 10”^M) 
and readings at the lAA settings on an 
eluate 20 grms/ml. (see FIGURE 22 in text)
pH I M lAA settings
' 0.1 ■ 8 .4 37 .0
1.0 20 .0 53.5
2.2 33 .0 70.5
3.0 40 .0 80 .0
4.0 53.0 88.0
5.0 78.0 100.0
6.0 94.0 100.0
7.0 97.0 100.0
8.0 100.0 100.0
8.93 100.0 100.0
10.14 1 100.0 100.0
11.07 98.0 100.0 ' '
12.10 76.0 94.0
13.2 23.0 82 .0
14 .0 5 .0 41 .5
r ^.L' _
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APPEroiX 2. CHEMCAL PEAŒEA1TS
This appendix gives details of the composition 
and method of using the chemical reagents described in Chapter 2. 
In every case the reagents are applied by dipping the 
chromatogram to be treated throu^ a bath of the reagent. It 
is advisable to wear thin rubber gloves to protect the hands from 
the reagents and to work with the dipping bath in a fume cupboard.
HDlHIDRIir 0.2^ Indanetrione hydrate in acetone (w/v).
After dipping the chromatogram and allowing the acetone to 
evaporate the paper is heated for two to three minutes in an oven 
at 105°C.
EERI'ICH REAGEUT p-Dimethylamino-benzaldehyde, 10 per cent w/v in
»
concentrated E C I  1 vol.
A c e t o n e .................................... 4 vol.
The reagent is mixed just before use. Aft dr dipping the 
chromatogram is blown free of acetone and examined by placing it 
on white paper.
MODIFIED EHRLICH EEAGEHT This reagent is exaotly similar to the 
Ehrlich reagent above, excepting that p-Dimeth^/lamino-benzaldehyde 
is replaced by p-Dimethylamino-cinnamaldehyde, 1^ of solid in 
concentrated SCI.
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XASTSYDROL Xanthjrdrol , • . . • 0,2 grms
E t h a n o l .................. 90 ml.
conc. SCI . . . . . 10 ml.
The reagent is mixed just before use.
0-'"' .
ACIDIC OXEDIZCTC- BBAGEKT (Salkowski)
Potassium persulphate, fresh 
 ^ saturated soln. . . .  10 vol.
Sodium nitrite 5/^
. imvwater / . 1 vol.
The reagents are mixed, allowed to stand in ice for 5 minutes,
the remaining nitrous acid is destroyed with solid ammonium
sulphamate, it is then ready for use.
SIMSYDRIS-ACETIC ACID REAGEST
Sinhydrin, 0.2^ in acetone 9 vol.
Glacial acetic acid . . 1 vol.
The reagents are mixed just before use, the chromatogram is 
dipped, the acetone is bloTO off and the paper heated at llO^C, 
for two minutes.
DSPS RBAGEM* 2;4~linitro-phenyl hydra.zine, saturated solution 
(approximately 0.5^) in 2S SCI.
BESZIDISE REAGBST Benzidine, 1 grm. in glacial
aceticaacid . . . . 40 ml.
Trichloroacetic acid . . 30 frm.
Water .................. 40 ml.
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Mix one volume of the above solution with nine volumes of acetone. 
The benzidine is dissolved in the acetic acid, warming if 
necessary, the trichloroacetic acid is dissolved in the water, 
the two solutions are mixed and osjn be stored in the refrigerator, 
although the solution slowly darkens in color, it is diluted with 
acetone immediately before use.
S m i m  SITRAT5 EBAGEST
(a) A^TO^ saturated solution in water . . 0.1 vol. 
Acetone ...........20 vol. or 100 vol.
(b) SaOH, 0.5% in ethanol.
The paper is dipped through the silver reagent and the acetone 
bloT-m off. The paper when dry is dipped through the alkali and 
the solvent blown off. The background to the black or broim 
spots which is yellow can often be dissolved out by immersing the 
paper in 21T ammonia.
p-AWISIDDJE REAGENT p-anisidine 0,2 grm is dissolved in 2 ml. of 
phosphoric acid, sp.gr. 1.75 diluted to 50 ml with ethanol. The 
cloudy solution resulting is filtered and the clear yellow 
filtrate is used as the reagent. The papers are dipped and 
heated for three to four minutes at 94 - lOO^C.
Al'fMOETOM VANKDATB REAGEFT Ammonium vanadate saturated solution 
in water. The chromatogram is dr aim rapidly through the solution, 
and blotted lightly.
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FERRIC CELOP-IDB HBAGEUT Ferric chloride anhydncus, 2 grms in 
100 ml. water and 1 ml. 2W ECI, Dilute five times m t h  water 
before use. The paper is dipped, drained, blotted and laid 
flat, colors must be marked immediately.
SULPHAMILIC ACID (Pauly) REAGENT
(a) Sulphanilic acid, 9 gvm. conc. ECI 90 ml. water 900 ml. 1 vol.
Sodium nitrite, 5% i^ water............................1 vol.
(b) Sodium carbonate anhydrous, 10% in water . . . . .  2 vol. 
T'Jhen required the stock solutions of (a) are mixed and allowed
to stand for 4-5 minutes at room temperature, then (b) is added 
carefully as the mixture effervesces vigourously, The reagent 
is then ready for use.
EITRAEILIEB REAGEET
p-Eitraniline 1.5 grm. in 45 nil. conc. SCI and 950 ml. water 10 vol.
Sodium nitrite, 5% in w a t e r ................................ 0.2 vol.
Sodi'tJim carbonate anhydrous, 10% in water . . . . . . .  10 vol.
The reagent is prepared as required by adding the nitrite to the 
nitrniline and then adding the carbonate.
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APPENDIX 3. Bioassay data (figures given are % increase 
over control gro^ rth)
* against Experiment number indicates Avena 
straight growth test,not the internode test.
. -ri
It ' - 'W’
'V
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TABLE 1 Bioassay of whole and acid ether fractions 
hy internode test
Experiment ITo. 1.
vial.
t e x t 19A 173 17A I8A 18B
-2 — - - — -
-1
1 101 116 130 — —
2 92 101 128 — -
3 128 06 114 - —
14 92 111 109 - -
5 101 101 107 - —
6 96 105 105 - —
7 88 92 105 — -
8 96 92 96 — —
9 83 96 109 - -
10 105 103 156 116 100
11 115 92 87 100 110
12 123 p6 102 84 142
13 142 101 133 130 110
14 146 92 119 166 oP
1 q 146 108 06 162 114
16 188 101 247 69 125
17 345 106 205 46 355
18 440 277 115 52 292
19 352 . 196 86 156 ■^0
20 275 59 107 116 37
limits 13.77 13.77 13.77 19.09 10.05
grms fresh weight 
per chromatogram 40 40 40 40
TABLE 2 Bioassay of WG'ter soluble mate
577
rirl 'b”- Avera
internode and straight groTrth test *
Experiment Wo. 4- q 11,*
FIGURE in tezrfc 24B 243 25B 26 25A
vial -2 96 114 103 99 —
-1 120 114 126 89 119
1 110 96 146 112 132
2 97 110 136 140 ISO
3 186 105 172 205 176
4 133 151 136 150 119
5 164 133 84 126 132
6 l6p 96 122 94 128
' 7 10 s 105 113 98 106
8 114 114 112 ^17 115
9 114 125 m 3 112 146
10 102 101 150 103 11%
11 n o 114 105 117 115
12 103 97 98 107 106
13 96 108 128 103 132
14 142 111 102 121 115
15 111 110 76 117 123
16 97 118 on 117 119
17 105 76 1 OS 117 119
18 114 97 52 no✓ V n%✓ V
19 142 88 64 Oq 07> 1
20 114 78 98 75 97
fiducial limits 15.51 15.57 16 .38 16.38 16.59
grms fresh weight , *
per chromatogram 3.3 0.33 3.3 3 .3 3.3
TABLE 3 Bioassay of water s
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oluhle cellulose material
hy A.vena internode and straight groT-rth tests*
Experiment 3To. 8. 12* 7.
FIGURE in tenet 39A 40A AOB 39B
vial -2 - - - 102
-1 100 107 87 120
1 57 60 104 116
2 182 114 170 112
3 130 227 152 ' 113
4 165 152 127 165
5 104 134 126 172
6 113 120 130 91
7 122 109 126 86
8 97 109 86 82
9 87 117 130 124
10 87 122 122 120
11 105 09 126 95
12 109 122 169 112
13 109 130 117 129
14 109 143 78 90
15 91 120 122 90
16 87 113 100 99
17 135 120 143 112
18 91 113 157 78
19 126 113 117 95
20 100 129 113 97
fiducial limits 10.83 10.83 18.78 12.03
grms fresh weight
per chromatogram 3.3 3.3 3.3 3.3
TABLE 4 Bioassay of water soluble cation
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materrial
hy Avena internode and straight groT-rfch tdsts*
Experiment Wo. 8. 11*
FIGURE in texrb 41B 41A 42A 42B
vial -2 - — — —
-1 91 100 186 172
1 104 96 235 160
2 109 100 168 110
3 104 130 119 126
4 83 113 115 94
5 100 117 110 141
6 120 135 141 97
7 91 96 128 88
'8 135 109 115 106
9 117 109 110 115
10 87 120 102 102
11 140 113 207 88 ■
12 104 100 102 110
13 124 136 128 132
14 97 91 115 97
15 124 100 106 93
16 104 97 110 94
17 104 97 192 84
18 104 109 08 84
19 83 97 88 84
20 92 100 104 97
fiducial limits 10.83 10.83 16.58 16.58
grms fresh weight «
c p§prchromatogram 3.3 3.3 5.0 3.3
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5 Bioassay of water soluble anion material hy
Avena internode and strai#it gaovrth tests*
Experiment LTo. 8. • 9. 11* 7. 6.
FIGURE in text 51A 44A 51B M B 52A 52B 43A 43B
vial -2 - — - - - - 84.5 91
"1 87 78 74 63 146 119 113 86
1 102 87 102 69 190 176 105 91
2 109 109 128 104 ' 138 110 122 155
3 113 104 102 88 97 110 178 212
’ 4 130 130 87 88 127 110 215 192
5 174 104 120 83 124 115 267 181
6 117 118 108 111 361 122 145 146
7 114 139 102 102 141 132 169 203
8 100 161 99 87 124 131 127 192
Q 116 13^ 87 92 124 132 169 212
10 126 126 115 85 168 132 197 211
11 130 122 124 96 150 168 192 138
12 122 122- 129 126 148 119 141 (156)
13 113 104 127 111 132 93 132 173
14 87 130 88 98 110 110 127 160
15 104 104 106 102 113 115 132 0%y ^
16 100 113 85 111 150 137 113 91
17 109 130 88 102 115 97 98.5 61
18 96 113 106 97 97 88 108 82
19 100 117 83 111 88 75 85 76
20 98 109 96 102 115 94 85 82
fiducial limits 10.83 10.83 17.03 17.03 16.58 16.58 12.03 11.65
grms fresh weight
per chromatogram 3.3 3.3 3.3 3.3 5.0 3 .3 3.3 3.3
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TABLE 6 Bioassay of chromatograms of the oxidation
products of DORA using the Avena internode test
Experiment Wo. 8.
FIGURE in text 57A 57D
vial ~2 - -
-1 122 109
1 113 184
2 117 144
3 • 104 139
4 104 100
5 109 135
6 91 109
7 100 109
8 87 109
9 100 109
10 100 92
11 104 119
12 ' 100 126
13 109 122
14 122 122
15 100 122
16 87 116
17 100 126
18 126 136
19 78 113
20 83 87 •
ygu.'.., fiducial limits 10.83 10.83
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TABLE 7 ' Avena internode and straight gro-^ rfch assays
of dilutions of eluates from zones An, .
1-4
(see FIGURE 53 in text)
Concentration in 
grms fresh weight/ml
Zone An^ An2 ^ 3 ^ 4
10 126 135 130 124
5 120 123 132 132
2.5 100 115 126 119
Avena internode test. fiducial limits 18.1
10 99 142 128 97
5 125 132 132 125
2.5 111 108 123 113
A-vena straight growth test, fiducual limits 18 .5
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APPMTDIX 4. Data concerning the harvests of 12 day old bean 
roots
Wo. of Wo. of toots Total fresh weight 
Harvest harvested . in grms
Average frer^ h 
wei^t of 
one root system
1 600 900 1.50
2 . 446 - 700 1.57
3 760 ■ 775 1 .02
4 632 950 1.50
5 770 425 0 .55
6 950 750 0 .7 9
7 686 700 1 .02
8 680 900 1.32
9 50 75 1.50
10 362 500 1.38
11 710 1025 1 .4 4
12 830 2250 2.68
13 819 2150 2.61
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APPENDIX 5. Pluorimetrio and Bioassay data used for 
graphs showing the correlation between 
the two assays
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1#
T^ JBLE 1 Bioassay of loioim concentrations of L4A
-i«xith''the Avena intemode test. (see 
FIGURE 58 in text)
Molar
concentration
Experiment üo. 1. 4- 
(increase over controls)
5. 6. mean
value
10~® 128 114 126 155 135
' 140 110 145 164
10"? 210 197 290 232 226
166 229 200 295
" 10-' 298 258 370 370 338
340 270 460 335
lQ-5 390 372 495 390 399
415 367 390 370
10 ■ 375 412 253 252 334
305 385 435 255 ■
fiducial limits 13.77 15.57 16.38 11.65
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TABLE 2 
Molar cone.
Bioassay and fluorimetrio data for the 
correlation of the assays of tryptophan
log fluorescent intensity forms of tryptophan
increase over controls) 
L 4- BL + B* •
^  -A
10 • 1.9191 "201 209 149
10-5 1.1461 170 174  ^ 134
10-' 0.2304 152 126
Blank 1.1761
+ mean of 8 values *mean of 4 values
TABLE 3 Fluorescent data for FIGURE I9B Bioassay
data is given in Appendix 3, Table 1 for
FIGURE I9A
vial no.
1
log. fluorescent intensity set at 285/365
11. 1.4914
12. 1.5051
13. 1.5051
14. 1.5051
15. 1.4314
16. 1.5168
17. 0.1847
18. 1.1931
19. 1.0792
20. 1.9243
. ' : : 
' . ' .
V :'
.
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TABLE 4 The Bioassay data, Svena intemode test, for 
PIGUEES 60A-63A, see TABLE 5 following for the 
fluorescent figures. increase over controls)
Fraction Uo. PIGDEE 60A FIGUEE 61A ' ÏTGÜEE 62A PIGÜHE 63A
fiducial limits 11.8 14 .6 14 .6 14 .6
11 ' 5 V-
_ _\
87.6 101.5 110.4 80 .4
12 ; ■ ' 103.5' 91.1 93.7 78 .4
13 105.5 111.9 104.1 60.5
14 101.5 114.5 110.4 67.2
15 89 .6 117.1 102.0 78 .4
16 103.5 106.7 118.7 67.2
17 87 .6 101.5 114.5 65.0
18 99 .6 106.7 110.4 78 .4
19 256.9 377.6 114.5 96 .4
20 290.8 380.2 106.5 94.1
21 294.8® ® 346.3 122.9 73 .9
22 264.9 257.8 170.8 60 .5
23 183.2 239.5 152.0 69.5
. 24 105.0 . 320.5 89.5 76 .2
25 135.4 354.1 95.8 71.7
---------------- -—"--%r—:---
ii ■-
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Table 1. continued
Fraction llo. PiaORE 6oa PŒGTHE 61A PIGUBB 62A PIGEEE 634
26 320.7 299.4 89 .5 130.0
27 378.4 361.9 100.0 168.0
28 394.4 450.5 110.4 235.4
29 322.7 351.5 97.9 206.2
30 342.6 367.1 93.7 224.2
31 350.5 343.1 - 219.7
32 309.5 218,7 93.7 221.9
33 249.0 156.2 97.9 168.1
34 171.3 122.3 81 .2 134.5
35 109.5 125.0 110.4 85 .2
36 79.6 125.0 95.8 71.7
37 81 .6 91.1 93.7 76.6
38 8736 111.9 110.4 80.4 ,
39 89 .6 109.3 110.4 87 .4
40 99.6 111.9 108.3 98.6
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TABLE 5 Tb.e Fluorescent data, for FIGURES 60B-63B 
the figures are log. fluorescent intensity; 
the wavelengths at which the readings are 
taken are given on the graphs
.on ho. FIGURE 603 PIGDEE 613 PIC-ÜEE 623 PiaURS 63
11
12 r -
13
14
15
16
17 320/380
18 1.4472 Ï.49 14. 1.6128
19 0.5441 0.7924 1.7520
20 0.5563 0.9956 285/360 1.7782
21 0.4472 1.0086 1.6232 Ï.8I29 1.3617
22 0.1903 0.8751 Ï.903I 1.8921 Ï.8573
23 Ï.S195 0.9031 1,7404 Ï .7993 0.2041
24 1.5185 1.0899 1.4698 Î.3222 0.1303
25 Ï .4472 1.0569 0.0212
26 0.1761 1.0212 1.9138
27 0.5315 0.8096 0^0607
Table 5. continued
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Fraction ITo
28
29
•30
31
32
33
34
35
36
37
38
39
40
BTG-DES 603 FIGtHB 613 FIGUEE 623
0.5051
0.4314
0.3617
0.2304
0.0212
1.7482
Ï .4472
0.6675
0.3424  
0.0000 
I .6812 
Î.544I
Ï.3979
1.3222
1.2788
Ï .2304
FIGURE 633
Ï .9243
1.8451
1.8451 
1.7324  
1.5562 
Ï.4I5O 
1.2788
